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THE SUPREME INTELLECTUAL OBLIGATION* 


JouN DEWEY 


The scientific worker faces a dilemma. 
The nature of his calling necessitates a very 
considerable remoteness from immediate 
social activities and interests. His vocation 
is absorbing in its demands upon time, en- 
ergy and thought. As men were told to 
enter their closets to pray, so the scientific 
man has to enter the seclusion of the lab- 
oratory, museum and study. He has, as it 
is, more than enough distractions to con- 
tend with, especially if, as so often happens, 
he is also a teacher and has administrative 
and committee duties. Moreover, the field 
of knowledge cannot be attacked en masse. 
It must be broken up into problems, and as 
a rule, detailed aspects and phases of these 
problems must be discriminated into still 
lesser elements. A certain degree of spe- 
cialization is a necessity of scientific ad- 
vance. With every increase of specializa- 
tion, remoteness from common and public 
affairs also increases. Division of labor is 
as much a necessity of investigation into 


* Address delivered at the dinner held in 
honor of James McKeen Cattell at the Univer- 
sity Club, Boston, Wednesday, December 27, 
1933. 


the secrets of nature and of man as it is of 
industry. 

Nor does aloofness reach an end in this 
point. The language in use for common 
communication does not fit the needs of 
statement of scientific inquiries and results. 
It was developed for other purposes than 
that of accurate and precise exposition of 
science, and is totally unfitted to set forth 
comprehensive generalizations in exact 
form. The result is that the scientist 
speaks what for the mass of men is an un- 
known tongue, one that requires much more 
training to acquire than any living speech 
or than any dead language. He can speak 
directly about his own affairs and problems 
only to a comparatively small circle of the 
initiated. 

These considerations define one horn of 
the dilemma. The other horn is consti- 
tuted by the fact that the scientist lives in 
the same world with others, and a world 
that is being made over by the fruits of his 
labors. There is hardly a single detail of 
our common and collective life, whether in 
transportation of persons and goods, in 
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modes of communication, in household ap- 
pliances and conveniences, in medicine, in 
agriculture and all the varied forms of pro- 
ductive industry, that is not what it is to- 
day because of what science has discovered. 
The scientist may be aloof in his work and 
language, but the results of his work per- 
vade and permeate, they determine, every 
aspect of social life. The inventor, the en- 
gineer and the business man are unremit- 
tingly occupied with translating what is 
disvovered in the laboratory into applica- 
tions of utensil, device, tool and machine, 
which have largely revolutionized the con- 
duct of life in the home, the farm and 
amusement as well as industry. I could 
easily spend many times my allotted time 
in a partial cataloging of things unknown 
fifty years ago that are now everyday ne- 
cessities. 

These consequences of science extend 
their influence, far beyond what anthropol- 
ogists call material culture. They affect in- 
stitutions and great modes of interest and 
activity. We have broken with the intel- 
lectual traditions of the past and the mass 
of men have not had the nature of the 
change interpreted to them, although sci- 
ence set the terms on which men associate 
together. They transform life in ways 
that have created social problems of such 
vastness and complexity that the human 
mind stands bewildered. The intellect is 
at present subdued by the results of its own 
intellectuai victories. It has become a com- 
mon place to refer to consequences of 
chemistry in its application to warfare. 
High explosives, with their allies of steel 
and airplane derived from physics, are 
capable of destroying every city on the 
face of the earth, and we are even threat- 
ened with bacterial warfare. If the prob- 
lems of peace and war have assumed a new 
and unprecedented form—which, alas, the 
nations are meeting for the most part only 
by increased expenditure for armament—it 
is because of applications of scientific 
knowledge. 

I have selected but one aspect of the 
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question. The economic problem which 
weighs so heavily upon us today affords 
another illustration of the new social im- 
pact of science. Here too it is a common- 
place that mankind in advanced industrial 
countries and especially in the United 
States confronts the paradox of want in 
the midst of plenty. It is science, which 
through technological applications has pro- 
duced the potentiality of plenty, of ease 
and security for all, while lagging legal and 
political institutions, unaffected as yet by 
the advance of science into their domain, 
explain the want, insecurity and suffering 
that are the other term of the paradox. 
My title is the supreme intellectual obli- 
gation. But every obligation is moral, and 
in its ultimate consequences social. The 
demands of the situation cannot be met, as 
some reactionaries urge, by going backward 
in science, by putting restrictions upon its 
productive activities. They cannot be met 
by putting a gloss of humanistic culture 
over the brute realities of the situation. 
They can be met only by human activity 
exercised in human directions. The 
wounds made by applications of science 
can be healed only by a further extension 
of applications of knowledge and intelli- 
gence; like the purpose of all modern heal- 
ing the application must be preventive as 
well as curative. This is the supreme obli- 
gation of intellectual activity at the present 
time. The moral consequences of science 
in life impose a corresponding responsibility. 
As with almost everything in contem- 
porary life, it is easier to diagnose the ill 
than to indicate the remedy. But there are 
some suggestions that occur to all who re- 
flect upon the problem. The field of edu- 
cation is immense and it has hardly been 
touched by the application of science. 
There are, indeed, courses in science in- 
stalled in high schools and colleges. That 
much of the educational battle has been 
won, and we owe a great debt to those who 
waged the battle against the obstacles of 
tradition and the inertia of institutional 
habit. Put the scientific attitude, the will 
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to use scientific method and the equipment 
necessary to put the will into effect, is still, 
speaking for the mass of people, inchoate 
and unformed. The obligations incumbent 
upon science cannot be met until its repre- 
sentatives cease to be contented with having 
a multiplicity of courses in various sciences 
represented in the schools, and devote even 
more energy than was spent in getting a 
place for science in the curriculum to see- 
ing to it that the sciences which are taught 
are themselves more concerned about cre- 
ating a certain mental attitude than they are 
about purveying a fixed body of informa- 
tion, or about preparing a small number of 
persons for the further specialized pursuit 
of some particular science. 

I do not mean of course that every op- 
portunity should not be afforded the com- 
paratively small number of selected minds 
that have both taste and capacity for ad- 
vanced work in a chosen field of science. 
But I do mean that the responsibility of sci- 
ence cannot be fulfilled by educational 
methods that are chiefly concerned with 
the self-perpetuation of specialized science 
to the neglect of influencing the much larger 
number to adopt into the very make-up of 
their minds those attitudes of open-mind- 
edness, intellectual integrity, observation 
and interest in testing their opinions and 
beliefs that are characteristic of the scien- 
tific attitude. 

The problem is of course much broader 
than the remaking of courses in science 
which is nevertheless requisite. Every 
course in every subject should have as its 
chief end the cultivation of these attitudes 
of mind. As long as acquisition of items 
of information, whether they be particular 
facts or broad generalizations, is the chief 
concern of instruction, the appropriation of 
method into the working constitution of 
personality will continue to come off a bad 
second. Information is necessary, yes, 
more than is now usually obtained. But it 
should not stand as an end in itself. It 
should be an integral part of the operations 
of learning that construct the scientific atti- 
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tude; that are, indeed, a part of that atti- 
tude since the scientific inquirer is above all 
else a continuing and persistent learner. As 
long as intellectual docility is the chief aim, 
as long as it is esteemed more important 
for the young to acquire correct beliefs 
than to be alert about the methods by which 
beliefs are formed the influence of science 
will be confined to those departments in 
which it has won its victories in the past. I 
cannot refrain from saying that one great 
obstacle is that many scientific men still 
hold, implicitly if not expressly, that there 
is region of beliefs, social, religious, and 
political, which is reserved for sheer accep- 
tance and where unbiased inquiry should 
not intrude. 

There is, moreover, a virgin field practi- 
cally untouched by the influence of science. 
Elementary education is still a place for ac- 
quiring skills and passively absorbing facts. 
It is generally now admitted that the most 
fundamental attitudes are formed in child- 
hood, many of them in the early years. 
The greatest indictment that can be brought 
against present civilization, in its intel- 
lectual phase, is that so little attention is 
given to instilling, as a part of organic 
habit, trust in intelligence and eager inter- 
I take little 
interest in demonstrations of the average 


est in its active manifestation. 


low level of native intelligence as long as I 
am aware how little is done to secure full 
operation of what native intellectual ca- 
pacity there is, however limited it may be. 
Speaking generally, it is now everywhere 
subordinated to acquisition of special skills 
and the retention of more or less irrelevant 
masses of facts and principles—irrelevant, 
that is, to the formation of the inquiring 
mind that explores and tests. Yet child- 
hood is the time of the most active curiosity 
and highest interest in continual experi- 
mentation. The chief responsibility for the 
attainment of a system of education in 
which the groundwork of a habit and atti- 
tude inspired and directed by something 
akin to the method of science lies with 
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those who already enjoy the benefits of spe- 
cial scientific training. 

I have spoken chiefly with respect to the 
education of the schools. But the problem 
and the responsibility of education go 
deeper. There are some signs oi a rebirth 
of the educational interest that marked the 
Greeks who thought of it, as far as we can 
gather from the records, chiefly in terms of 
adults. The theme of adult education is in 
the air. There was never a time in the his- 
tory of the world in which power to think 
with respect to conduct of social life and 
the remaking of traditional institutions is 
as important as it is today in our own coun- 
try. There is an immense amount of 
knowledge available, knowledge economic, 
historical, psychological, as well as physical. 
The chief obstacle lies not in lack of the in- 
formation that might be brought to bear, 
experimentally, upon our problems. It lies 
on the one hand in the fact that this knowl- 
edge is laid away in cold storage for safe- 
keeping, and on the other hand in the fact 
that the public is not yet habituated to de- 
sire the knowledge nor even to belief in the 
necessity for it. Hunger is lacking and the 
material with which to feed it is not ac- 
cessible. Yet appetite grows with eating. 
The trouble with much of what is called 
popularization of knowledge is that it is 
content with diffusion of information, in 
diluted form, merely as information. It 
needs to be organized and presented in its 
bearing upon action. Here is a most sig- 
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nificant phase of the obligation incumbent 
upon the scientifically trained men and wo- 
men of our age. When there is the same 
energy displayed in applying knowledge to 
large human problems as there is today in 
applying it to physical inventions and to in- 
dustry and commerce many of our present 
problems will be well on their way to solu- 
tion. 

I cannot close without reference to the 
pertinence of the theme discussed, however 
inadequate its mode of presentation, to the 
honored guest of the evening. James Mc- 
Keen Cattell is himself an active scientific 
worker, one who has initiated in his own 
field of psychology many movements that 
have borne rich fruit. But he has found 
time, thought and energy to devote to the 
larger questions of the bearing of science 
upon life. He has given himself without 
stint to the better organization of scientific 
workers in all fields; he has striven vali- 
antly for moral and financial improvement 
of the condition of academic workers; he 
has been the leader to the task of editing 
and diffusing the achievements of scientific 
inquiry. I do not need to press home the 
moral in connection with the intellectual 
obligation of which I have spoken. Labor- 
ing of the point is unnecessary as long as 
we have Cattell with us. He is a living ex- 
ample of the ways in which a scientific man 
can perform the supreme intellectual duty 
and as such we gladly greet and honor him 
this evening. 
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TYPES OF USEFUL ORGANIZATIONS OF 
SCIENCE TEACHERS* 


W. L. EIKENBERRY 


State Teachers College, Trenton, New Jersey 


In considering the possible types of or- 
ganization appropriate for science teachers, 
it may be of assistance to survey briefly the 
existing types in this field. We shall thus 
discover in what fashion the field is already 
occupied, secure some precedents for or- 
ganization, and possibly note some errors 
to be avoided. 

One thinks first of the Department of 
Science Instruction of the National Educa- 
tion Association. This is in fact a national 
organization of science teachers with, at 
least in theory, a broad, popular member- 
ship. At present it is the only organization 
of this scope. It is codrdinate with the 
other departments of the National Educa- 
tion Association and there is nothing in its 
charter or relation, with the parent organi- 
zation, to prevent it from becoming as im- 
portant a factor in science teaching as the 
coordinate Department of Superintendence 
has become in educational administration. 
The fact remains that it has not become 
such a factor. During all the years of its 
existence and potential power, it has re- 
mained relatively unimportant. Its chief 
lessons are to be found in its failure to at- 
tain a preéminent place. 

It is hoped that the attempt here made to 
examine the Department critically will not 
be resented by the many able teachers who 
have from year to year guided its destiny 
and worked to make it effective. The con- 
clusions are drawn from the two terms dur- 
ing which the speaker was himself respon- 
sible for the administration of the organiza- 
tion, but with no distinguished success. 

*Read at the Meeting for Science Teachers 
arranged by the American Association for the 
Advancement of Science Committee on the 


Place of Science in Education at Boston, Decem- 
ber 29, 1933. 


or 


The Department of Science Instruction 
has no membership list and consequently 
no membership fee. Any member of the 
National Education Association who is in- 
terested and attends the meeting is consid- 
ered a member. Business is transacted by 
those who happen to be in the room at the 
time when that item is reached. If the 
speaker scheduled for a particular hour is 
well known and interesting the crowd may 
be large, but it readily fades away upon the 
appearance of a less well-known speaker. 
One judges that many of those in atten- 
dance are not primarily and professionally 
science teachers. Due to the fact that on 
successive years the meetings are held in 
widely separated localities, there are few 
who attend the meeting every year. Since 
there is no body of members and no large 
group of constant attendants, and since the 
group of officers is changed annually, it is 
obvious that there can be little continuity in 
the work of the Department. The history 
of the Department suggests that a success- 
ful society of science teachers must have a 
definite individual membership, an organi- 
zation which supplies continuity, and above 
all a compact group of persons with a com- 
mon interest who can be depended upon 
for continuous attendance and work. 

Another national organization that comes 
to mind is the Division of Chemical Educa- 
tion. It has been very successful but, of 
course, is not altogether a precedent for our 
deliberations today, since it is limited to a 
single science. It has been greatly aided by 
a subsidy which is now terminated, and the 
effect of the necessary reorganization can- 
not be foreseen. Its success appears to be 
due, in part, to the fact that it has avoided 
the faults noted above. 
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There is, as is well known, a similar or- 
ganization of the physics teachers, meeting 
in connection with the sessions of the 
American Association for the Advance- 
ment of Science, as well as the American 
Nature Study Society, and the Supervisors 
of Elementary Science, but not one of these 
organizations covers the whole field of sci- 
ence instruction. 

Some years ago there was a vigorous 
movement for the formation of an organi- 
zation to be known as the National Council 
of Science Teachers. The movement was 
abandoned at the time for lack of popular 
support, but a small group of science teach- 
ers, disappointed at the failure to form a 
large general organization, resolved to cre- 
ate a more limited one. At a meeting in 
this city in 1928 it was decided to limit the 
membership by election and to emphasize 
the various aspects of research in science 
education. This organization is known as 
the National Association for Research in 
Science Teaching. The largest groups in 
its membership are the state and city super- 
visors of science teaching and heads of sci- 
ence education departments in universities. 
Its field is limited in such manner that it 
cannot become a large organization appeal- 
ing to the whole body of classroom teachers 
of science. The speaker had a small part 
in organizing this association and in direct- 
ing its activities during its formative years. 
He continues to have confidence in its future 
and to believe that it will accomplish impor- 
tant things in its field, but its field is not that 
in which we are today interested. Its mem- 
bers individually will favor any general 
movement that will integrate the science- 
teaching forces of the country. 

Typical of the sectional associations of the 
country is the Central Association of Sci- 
ence and Mathematics Teachers. It has 
been a force for more than thirty years, and 
its influence increases annually. It is 
founded upon definite individual member- 
ship. Its meetings are more frequently held 
in Chicago, within rather easy reach of the 
great body of its members and thus there is 
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secured unusual continuity of attendance. 
Its governing body has a high degree of per- 
manency, and it has always had an inner 
circle of members who made its interests 
paramount. Its success commends it for 
study by those who would organize a na- 
tional society. It has been ably presented to 
you by my predecessor on this program. 

There are, of course, a number of other 
state and regional associations, devoted 
either to a single science or to all sciences. 
Some are very successful and others less so. 
When successful, they commonly cover a 
rather limited area and meetings are so lo- 
cated as to secure a large and repeating at- 
tendance. 

This incomplete survey may serve to indi- 
cate that there is at present no organization 
that appears capable of uniting the science 
teachers of the country in a single body. It 
also shows that an organization which is to 
successfully unite and represent science 
teachers must be formed with considerable 
care lest it only add to the list of failures. 

What, then, are the characteristics that a 
successful organization must possess? In 
the opinion of the speaker, the fundamental 
characteristics are four. First, it must have 
a definite and permanent membership; sec- 
ond, the membership must include a very 
large proportion of persons who attend the 
meetings consistently ; third, the total mem- 
bership should be large, and fourth, the type 
of internal organization adopted should se- 
cure aggressiveness and continuity. Let us 
consider the meanings of these criteria of 
success. 

As to the first criterion, anyone who has 
had administrative relations with a society 
without definite membership, as the Depart- 
ment of Science Instruction, is well aware 
of the embarrassments that result. At a re- 
cent meeting of the Department there were 
among those in attendance so few whose 
names were known even to the officers that 
the chairman found it extremely difficult to 
appoint a nominating committee. Besides, 
it remains true that what is everyone’s busi- 
ness is no one’s concern. Hence it is impos- 
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sible to sustain interest in a volunteer organi- 
zation. 

The type of membership may be either 
individual or institutional. That is, the pro- 
posed organization may admit as mem- 
bers either individuals or science teachers’ 
associations. In the latter case the national 
society becomes a delegate organization. 
There are arguments for both types. Insti- 
tutional membership creates an organiza- 
tion that can definitely speak for all regional 
organizations (provided they join it). 
There is a certain interest in this idea of the 
united voice, provided the constituent socie- 
ties are agreed upon something that they 
want said. However, the notion of a na- 
tional representative organization connotes 
the inclusion of each section of the country 
in one or another of the constituent regional 
societies. Unless each section of the coun- 
try is included in an active local science 
teachers’ organization, it is obvious that a 
national representative organization fails to 
be really national. It does not represent the 
unorganized regions; it does not represent 
the isolated teachers in the organized re- 
gions, and it fails wholly to reach and help 
these teachers in any direct fashion. There 
are no data at hand to show how large a frac- 
tion of the science-teaching population is 
included in present local or sectional organi- 
zations, but it must be a minor fraction. 
Even if all could be included in the constitu- 
ent units of a national representative organi- 
zation, it is open to debate as to whether such 
an organization would greatly influence the 
classroom teacher. A representative body is 
always remote ; the members of constituent 
societies have very little interest in it, and 
those teachers in regions that are not or- 
ganized cannot have any sort of connection 
with the national society. 

It is the belief of the speaker that an inter- 
ested and active membership can be based 
only upon individual membership in the na- 
tional organization. The only way to be 
sure of membership is to fix an annual fee, 
and to make continuation of membership 
contingent upon payment. One values what 
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he pays for, anc therefore ie must be made 
to pay for his membership. 

Secondly, it is obvious that the member- 
ship must be made up of persons who ar- 
dently desire to attend the meetings and who 
will actually be present whenever the meet- 
ing is so located as to make it possible. So 
far as my own observation goes, successful 
organizations are characterized by a mem- 
bership which attends the meetings year 
after year. I recall, for instance, that I 
could confidently depend upon seeing a 
group of well-known colleagues at the meet- 
ings of the Central Association. Such a de- 
pendable group of workers is the foundation 
of the success of any association. It is prob- 
able that such continuity of attendance 
would be practically assured by affiliation 
with the American Association for the Ad- 
vancement of Science since so many science 
teachers are already in regular attendance 
upon its meetings. Conversely, the Depart- 
ment of Science Instruction probably suf- 
fers by association with the summer meet- 
ing of the National Education Association, 
the attendance of which is principally re- 
cruited from elementary school teachers, 
who are not, from the nature of their posi- 
tions, primarily science teachers. It is easy 
enough to put on a program which will draw 
local spectators to the sessions, but effective 
work is possible only with a large corps of 
active members who attend regularly so that 
they are personally acquainted and intensely 
interested in the organization. 

Individual membership and institutional 
membership are not necessarily antagonistic 
principles. Many organizations have both 
types. The American Association for the 
Advancement of Science is founded pri- 
marily upon a group of nearly twenty thou- 
sand members who hold their membership 
directly in the Association. It has also a 
very large number of affiliated societies, 
whose members may or may not be individu- 
ally members of the American Association. 
Its ruling body—the Council—is composed 
of members representing the membership of 
the American Association and also of other 
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members representing each of the affiliated 
societies. The affiliated societies add greatly 
to the work of the Association but the popu- 
lar membership is the core about which 
everything else is arranged. 

It is suggested that some sort of qualifica- 
tions be set up such that membership be not 
too easily acquired to the end that it will be 
highly valued, and not allowed to lapse. 
Thus it might be required that a candidate 
for membership should present evidence that 
he has been a science teacher for at least five 
years or for some other period of time, or in 
some way show that science teaching with 
him is a serious and probably permanent pro- 
fession. The same end might be achieved 
by establishing two grades of membership, 
the higher of which would maintain in this 
organization somewhat the position of a fel- 
lowship in the American Association for the 
Advancement of Science. In any event, ac- 
tive membership in a national society of sci- 
ence teachers should be considered by both 
members, and others, as an honor not to be 
too lightly achieved. 

As a third point, it is believed that there 
can be little value in a new organization and 
little chance that it can do its work effec- 
tively, unless it be a relatively large organi- 
zation and thereby touch directly the science 
teachers in every community throughout the 
country. There is a certain appearance of 
contradiction between the notion that the 
membership should be restricted by qualifi- 
cations as suggested above, and that the 
membership should be large. However, any 
moderate qualifications as suggested will 
leave a clientele of thousands of science 
teachers from which to draw. And if two 
grades of membership are decided upon, 
both criteria will be satisfied. 

Fourthly, it is of the greatest importance 
that the selection of officers and committees 
and the definition of their terms shall avoid 
the pitfall illustrated by the Department of 
Science Instruction and by many other in- 
stitutions in which all officers of every sort 
terminate at each annual meeting. This may 


be accomplished in several well-known 
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ways. A commendable example may be 
found in the continuity given to the work of 
the American Association for the Advance- 
ment of Science by its council and perma- 
nent secretary. 

An association of science teachers which 
aspires to the name of “national” should in- 
clude in its active membership teachers from 
all sections of the country—even from each 
local community. Equally, if it is to be na- 
tional it must attract to it teachers of science 
from all scholastic grades from the elemen- 
tary school to the graduate school. Among 
these varied geographical, scientific, and 
educational interests it must constitute a uni- 
fying, integrating force. Doubtless in the 
end, varied interests would have to be recog- 
nized by sectional meetings, but emphasis 
should be placed upon the unity of science 
and upon the importance of each teacher in 
any given field of science having something 
more than a layman’s knowledge of adja- 
cent fields. 

It is not the province of this paper to sug- 
gest types of activity for the society, but at 
the risk of appearing to venture somewhat 
afield from his topic, the speaker feels 
moved to call attention to one unusual op- 
portunity for service to science teachers that 
lies open. It has often been said that sci- 
ence teaching, particularly in the secondary 
and elementary schools, is far behind the 
actual position of research. It takes many 
years for even fundamental discoveries to 
find their way into textbooks, even in the 
last chapter which constitutes a sort of ap- 
pendix and which is rarely reached by the 
class. It takes years longer before the new 
ideas are assimilated into the text and into 
the teaching. One well-known science 
teacher remarked that science teaching is al- 
ways twenty-five years behind the advance 
of research. While not guaranteeing the 
quantitative accuracy of the statement, its 
qualitative accuracy will hardly be ques- 
tioned. 

The reason is not far to seek. The science 
teacher, for instance in the high school, has 
neither the time nor the literature to enable 
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him to keep abreast with the advance of re- 
search, and in the present emergency, the 
teaching load is increasing. On the other 
hand, the research worker feels that popular 
articles and addresses, usually poorly under- 
stood by those to whom addressed, are a 
profitless distraction from his real work, 
and so far as the unscientific audience is con- 
cerned, his contention can be defended. It 
therefore follows that there is little real con- 
tact between research and elementary teach- 
ing. In later years the Science News Letter 
and Scientific Book League have been of 
very real service in this field, but much more 
remains to be done. 

The opportunity lies in the fact that if 
such an organization as contemplated is 
formed, we shall have present in one city, as 
we have today in Cambridge, a very large 
body of science teachers and most of the 
leading scientific investigators of the nation 
together with a few from other nations. It 
would be unfortunate not to bring them to- 
gether. Some of these investigators, it is 
true, do not have the inclination or the pecu- 
liar type of skill necessary for a semi-popu- 
lar exposition of their own and related re- 
search, but many more of them do have pre- 
cisely this ability. It is sometimes said that 
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we have few great popular scientific lectur- 
ers in this country similar to the great Brit- 
ish masters like Tyndall, Faraday, and Hux- 
ley, and that this is because we do not have 
audiences who have sufficient scientific back- 
ground to receive them. It is proposed that 
we supply such an audience—an audience 
that will not be expert in the special fields of 
the investigators but will at least be scien- 
tific. That scientific men of eminence will 
be willing to meet with science teachers was 
sufficiently indicated by the presence of the 
eminent guests at the luncheon today. Such 
a rapprochement between investigation and 
teaching should do much to advance teach- 
ing. Certainly it would do much to assure 
the permanence of the organization. 

To summarize, it has been suggested that 
there is a distinct field for a national organi- 
zation of science teachers, including class- 
room teachers of all sections and all grades 
of teaching. Membership should be individ- 
ual, and the conditions of membership 
should be such as to secure, as far as pos- 
sible, permanency of tenure and consistent 
attendance. The framework of the organi- 
zation should secure continuity of work and 
policy, and should express the unity of sci- 
ence. 








CORRELATION OF NATURAL SCIENCE BELIEFS AND 
ATTITUDES WITH SOCIAL AND INTEL- 
LECTUAL FACTORS 
J. WAYNE WRIGHTSTONE 


Institute of School Experimentation, Teachers College, Columbia University 


Natural science beliefs and attitudes have 
received an increasing emphasis in recent 
educational literature and experimentation. 
The advent of the natural sciences into the 
curriculum of the elementary and secon- 
dary schools was marked by an emphasis 
in teaching upon the intellectual outcomes, 
such as academic knowledge and skills. 
This emphasis was in accord with the domi- 
nant educational philosophy and psychology 
of that time. During the past few years, 
however, the so-called intangible science at- 
titudes and beliefs have received more care- 
ful study. No one has yet proved that 
these dynamic and intellectual outcomes 
are in mutually exclusive categories. The 
chances are that they have certain intrin- 
sic relationships in the learning process. 

Contemporary trends in natural science 
teaching place a new emphasis on beliefs 
and attitudes if one may judge from the re- 
port in the Thirty-First Yearbook, Part I, 
National Society for the Study of Educa- 
tion, where, on page 57, one reads: “This 
Committee, then, recognizes the aim of sci- 
ence teaching to be contributory to the aim 
of education; viz., life enrichment. It rec- 
ognizes the objectives of science teaching 
to be the functional understanding of the 
major generalizations of science and the 
development of associated scientific atti- 
tudes.” On page 218 it is stated that 
“There appears to be no sound reason why 
we cannot develop tests of interests in, atti- 
tudes toward, and appreciations of the as- 
pects of the environment that are so inti- 
mately related to our lives and why we 
should not attempt to measure the growth 
of pupils in these fundamental qualities.” 

The study of science beliefs, or attitudes, 
and correlated intellectual and social factors 
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here reported is based upon an unpublished 
test by the author of this article. The test 
is divided into two parts. Part I consists of 
eighty statements, of which twenty-eight 
are true generalizations. They comprise 
such generalized beliefs, or concepts, as 
(1) The earth is very old; (2) The earth 
is shaped approximately like a sphere; et 
cetera. These true generalizations were de- 
rived from studies by Craig’ and Powers.’ 
Fifty-two false generalizations, or super- 
stitions, that were found to have the highest 
incidence of belief among secondary school 
pupils in a study by Caldwell and Lundeen® 
have been used. Part II, on scientific think- 
ing, consists of ten problems on natural sci- 
ence context with certain multiple conclu- 
sions stated. The pupil is asked to select 
the best conclusion to each problem on the 
basis of the evidence presented. The test 
of scientific thinking is to determine 
whether a pupil will select a conclusion that 
is warranted by the facts stated. This 
method of testing scientific thinking was 
first used by Curtis.* 

The whole test comprises ninety items. 
The coefficient of reliability for split halves 
of the test was .88. When this coefficient 
was corrected by the Spearman-Brown 
formula for the reliability of the total test, 
the coefficient was .93. 


SPECIFIC PURPOSES OF THIS STUDY 


Specific purposes of this study were to 
show the degree of correlation that existed 
between the pupil’s total score on the nat- 
ural science belief test and the following 
intellectual and social factors: (a) verbal 
intelligence; (b) achievement for a stand- 
ardized test of knowledges in general sci- 
ence; and (c) socio-economic status. In 
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addition, the statistica! significance of the 
mean scores in beliefs for boys and girls 
was computed. 

The data here reported were secured 
from tests administered to pupils in grades 
seven to twelve, inclusive, in the secondary 
schools of Summit, New Jersey, Bronx- 
ville and Rochester, New York. 


TABLE I 


CoRRELATION OF NATURAL SCIENCE BELIEFS WITH 
INTELLECTUAL AND SoctAL Factors 











Natural Science Beliefs Corre- 
lated With r | fe 
(a) Verbal Intelligence ..... nae : 32 “05 
(b) Natural Science Knowledge. .. 42 | .05 
(c) Socio-economic Status ....... 08 | .06 











Verbal intelligence, as measured by the 
Otis Self-Administering Test, shows a 
positive, though low, correlation of .32 with 
scores on natural science beliefs. It would 
appear from this evidence that IQ, as such, 
is a factor related to pupils’ discrimination 
between founded and unfounded natural 
science beliefs. But, even assuming a 
causal relationship between IQ and beliefs, 
verbal intelligence would explain only a 
part of the more desirable scientific atti- 
tudes and thinking. The chances are that a 
pupil possessing a low, but normal, IQ can 
be taught to discriminate in natural science 
between generalizations based upon scien- 
tific evidence and superstitions almost as 
well as the pupil having higher verbal intel- 
ligence. 

Natural science knowledges, measured by 
the Codperative General Science Test, 
Form 1933, shows a positive correlation of 
.42 with capacity to choose proved generali- 
zations versus unfounded beliefs in natural 
science. Pupils making higher scores on 
knowledge of general science tend to hold 
more tenable scientific beliefs. This evi- 
dence would indicate that an intrinsic rela- 
tionship may exist in many instances be- 
tween desirable dynamic and _ intellectual 
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outcomes in natural science. Of course, 
other factors as attitudes of parents, 
friends, and teachers, as well as attitudes 
implicit in the literature which pupils read, 
may influence the relationship. 

Socio-economic status scores were secured 
by an adaptation of the Sims Score Card 
for Socio-Economic Status. Natural sci- 
ence beliefs show an almost negligible cor- 
relation of .08 with socio-economic status. 
In other words, there seems to be little evi- 
dence of any intrinsic relationship between 
the more desirable science beliefs and the 
status of a pupil as measured by such 
factors in his environment as the occupa- 
tion and salary of his parents, the posses- 
sion of symbols of better social status as a 
library in the home, a telephone, an auto- 
mobile and the like. 

Present data indicate strongly the prob- 
ability of a reliable sex difference in nat- 
ural science beliefs. Detailed statistics are 
presented in Table II. 


Taste II 
STANDARD Error OF DIFFERENCE FOR MEAN SCORES 
or Boys AND GirLs ON NATURAL 
Science Betier Test 
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The mean score for boys is 78.15, for 
girls 73.80. The standard error of the dif- 
ference is 4.62 times as large as the differ- 
ence of the means, indicating practical cer- 
tainty that girls, as a group, are less 
discriminating in their natural science be- 
liefs than boys. 


SUMMARY 


It may be said that this study has re- 
ported the following relationships of nat- 
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ural science beliefs and attitudes with cer- 
tain intellectual and social factors. 

IQ shows a positive, though low, correla- 
tion with scores on natural science beliefs. 
Only a slight relationship between these 
factors is discernible. 

Knowledge of natural science shows a 
marked positive correlation with more de- 
sirable natural science beliefs. This evi- 
dence indicates that an intrinsic relation- 
ship may exist in many cases between de- 
sirable dynamic attitudes and beliefs and 
intellectual outcomes in natural 
teaching. 

Socio-economic status reveals negligible 
correlation with natural science beliefs of 
secondary school pupils. 

Statistically significant differences in 
average, or mean, scores for boys and girls 
exist. Girls, as a group, are less discrimi- 
nating in their science beliefs than boys. 


science 


IMPLICATIONS 


Provided the hypothesis is granted that 
the dynamic factors of attitudes and mo- 
tives arising from natural science beliefs 
are dominant mainsprings of action in the 
lives of individuals, the secondary schools 
should place an increasing emphasis upon 
this phase of education. It is, then, of ad- 
mittedly great importance that the school 
should seek to develop desirable attitudes 
and beliefs as well as a mastery of factual 
knowledge in natural science. One of the 
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findings of this study is that both types of 
outcome are correlative factors in the learn- 
ing process. 

The experiments on changing unfounded 
beliefs planned and reported by Caldwell 
and Lundeen® and Weller® have pointed the 
way to future constructive experimentation 
and research. More similar work needs to 
be done in this field. Then schools will be 
able to defend themselves against the 
charge that they are concerned too much 
with merely intellectual outcomes in educa- 
tion to the exclusion of a proper emphasis 
for desirable dynamic outcomes in attitudes 
and beliefs. 
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WHAT ARE THE CHARACTERISTICS OF A GOOD UNIT IN 
SCIENCE ?* 


HELEN Hvuttz 


Fox Meadow Elementary School, Scarsdale, New York 


If it were possible to visit a large number 
of classrooms and observe the science work 
which children are doing, this observation 
would give one opportunity to draw con- 
clusions as to the characteristics of good 
units in science. 

Observation of enough cases to make this 
worth while would be almost impossible, but 
it is possible for us to get a picture of the 
best science work in the state, for descrip- 
tions of many units of work have been sub- 
mitted by teachers over the state for analysis 
by the informal teaching committee for the 
next New York State Bulletin on Ele- 
mentary Education. 

A survey of these units, which were 
analyzed to determine significant trends in 
current practice, reveals that science is in- 
cluded as an integral part of the units de- 
scribed. Quotations taken from them illus- 
trate the tendency to include the science 
work as interpretative material which 
answers problems that arise within the unit. 

A group of children produced a play 
called “A Deep Sea Adventure.”** It was 
based on their ideas of what Dr. Beebe might 
see beneath the ocean. They prepared the 
scenery and costumes for the play. There 
were fantastic fishes, sea animals and plants 
cut out, painted, and pinned to a large piece 
of green gauze, which was hung between the 
actors and the audience. Other fish were 
fastened by strings behind the gauze to give 
the effect of swimming. The actors were 
Dr. Beebe and a friend, a sea spider, sea- 
horses, crabs, a lobster and an octopus. The 
costumes were made of heavy wrapping 

* Report given at the Science Meeting of the 
Teachers College, Columbia University, Confer- 
ence on the Improvement of Education during 
the Depression, May, 1933. 

** ‘Deep Sea Life—Grade V.” Fox Meadow 


Elementary School, Scarsdale, New York. Mary 
Urmston, Teacher. 
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paper. The crabs, for instance, wore their 
“shells” on their backs and ran around on 
all fours. The sea-horses were cut out, 
painted, then tied to the shoulders and leg 
of a child, in profile effect. . . . This play 
based on Dr. Beebe’s deep sea experience in 
a bathysphere led to a continued interest in 
sea life and a study of its adaptation to deep 
sea living. 

This illustrates the fact that frequently 
new discoveries in science occur in highly 
dramatic settings and that many times this 
dramatic side is reflected in classroom pres- 
entation. 

Some other quotations from the bulletin 
that indicate trends in sicence instruction 
are given below: 

Example 1. Hunting for Indian relics in 
woods.—The teacher took the children on 
several field trips to find relics and land- 
marks of the Indians who had lived in their 
vicinity. Thus began a collection of Indian 
objects, the most interesting of which were 
arrow-heads of flint and stone. The chil- 
dren also learned Indian methods of starting 
fire from flint and wood, how they told direc- 
tion from nature signs, such as moss on 
north side of trees, or stars and constella- 
tions at night, and Indian methods of culti- 
vating corn, tanning hides, and mixing war- 
paint from vegetable colorings. 

Example 2. Communication was the basis 
for experiments in electricity —Another 
group were studying communication. In 
their room they were divided into groups to 
study signals, radio, telegraph, cable, tele- 
phone, et cetera. One group made flash sig- 
nals similar to those about which they had 
read. They did their own research and dis- 
played their model, using a code which came 
with the toy set. 

Another group wired a bell for use in the 
classroom. To do this it was necessary to 
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find out why the bell rang. This brought 
out a discussion and demonstration of mag- 
nets and electromagnets. 

Example 3. Water takes many different 
forms. Changes in water form due to heat 
were studied by another group who were 
quite familiar with it, having observed tea- 
kettles, food cooking, and the exhaust from 
steam-engines. They discussed the need for 
watching the engine to make certain that 
there was always a sufficient quantity of 
water in the boiler. They placed salt in a 
glass, filled the glass with water, and 
watched the results of evaporation. The 
dry ice experiment gave them an interesting 
afternoon. Natural and artificial ice were 
compared as to appearance and production. 
Clouds were observed on different days as 
to color, shape, and height from the earth, 
determining whether they were rain, snow or 
wind clouds or merely fleecy white clouds 
that were present on fair days. 

Some of the most outstanding factors 
revealed in these units are that science work 
is related to the actual living experiences of 
the children; that the science teaching is 
done for the most part by the classroom 
teacher, and that science is increasing in 
importance in the elementary grades. 

SCIENCE POSSIBILITIES WITHIN UNITS 

It is interesting to analyze several grade 
units to determine possible scientific learn- 
ings that would help make these grade units 
more meaningful to children. 

A unit on Polar Exploration might in- 
clude many problems that involve scientific 
understanding, such as: Why would the sun 
travel around the sky? Why wouldn’t it set 
for solong? If you were at either pole, how 
would the sun appear to move? Why would 
it appear to be the same distance above the 
horizon during the twenty-four hours? 
How could people use the sun to find their 
way? How would it disappear from sight? 
How could you tell directions? Why 
doesn’t the sun melt the ice if it shines all the 
time? 

Answers to such questions would involve 
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an understanding of the effects of the earth’s 
rotation and its revolution about the sun. 
Then, too, there would be studies about: 
(1) the food supplies of an expedition, in- 
volving their selection of highly concen- 
trated foods, dehydrated foods, and the 
special problems of food for caching and for 
depots; (2) the clothing to withstand the 
cold, windproof garments, Eskimo mukluks 
with senna grass in the soles to take up 
moisture, and sleeping bags ; (3) the shelters 
to withstand the polar blizzards, insulating 
materials used in their construction, and 
tents for the trail; (4) the effects of ex- 
tremely low temperatures encountered, 
breath freezes at 70° below, kerosene lan- 
terns freeze up at 55° below and go out, 
film strips break at 25° below and tin cans 
break at.d crumble at low temperatures, so 
that it is necessary to take food in special 
containers; (5) the problems of navigation, 
involving latitude and longitude, effects of 
the magnetic field on the magnetic compass 
and the use of scientific instruments, such as 
the chronometer, non-magnetic compass, 
sextant, theodolite, et cetera; (6) the prob- 
lems for observation and study by the ex- 
plorers, such as the aurora, radio transmis- 
sion, wind velocities, temperature record, 
formation of crevasses, pressure areas, 
et cetera; (7) animals of the polar regions 
and their adaptation to life in extremely low 
temperatures, and (8) the scientific reasons 
for the exploration of the far north and 
south. 

Units of work about the eclipse of the sun 
showed many interesting possibilities, such 
as (1) one group of children traced the his- 
tory of man’s beliefs about things observed 
in the sky from early times to the present, or 
through primitive superstitions to the cause 
and effect explanations recognized today; 
(2) another group constructed a solar sys- 
tem in their room by means of wire, balloons, 
and balls, and indicated the orbits of the 
planets by cords, using a scale of 10,000,000 
miles to the inch; (3) a sixth grade class 
gave an out-of-doors assembly program ex- 
plaining what caused an eclipse of the sun, 
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two lower grades being grouped in the cen- 
ter of the field to represent the sun and the 
sixth grade children acting as planets, 
moons, and comets and illustrating how, dur- 
ing their revolution about the sun, eclipses 
occurred. 


SCIENCE UNITS 


These three examples illustrate possibil- 
ities for science work in units which are not 
strictly in the science field. In other units, 
however, the science material receives chief 
emphasis. Again quoting from the forth- 
coming State bulletin: 

Example 1——The children were inter- 
ested in determining whether or not people 
lived on other planets. The teacher, in- 
stead of directly answering their questions, 
discussed with them what essentials were 
needed for people to live. The children did 
reference work in the library and discussed 
their ideas with the science teacher. They 
concluded that sun, air, water, and soil are 
necessary to life. They proved these four 
essentials in the science laboratory. 

Example 2.—A second-grade group was 
interested in knowing how water boils and 
how it freezes. They placed a pan of cold 
water on the stove and watched. Their in- 
terest was aroused as they saw bubbles form 
in the bottom, grow large, and rise to the 
top and break. They were very much con- 
cerned when the boiling point of 212 degrees 
was reached, and they discovered that they 
could not get the water any hotter. At an- 
other time they used the same thermometer 
in making fudge and found that the tempera- 
ture went above boiling-point. 

Then one cold day the children set a pan 
of water outside. They watched the ice 
form around the edges of the pan and noted 
the formation of tiny ice fingers reaching 
across the water and finally freezing solid. 
They took the temperature and found that 
this was marked freezing temperature. 
Then they mixed salt with water and found 
that the mercury in the thermometer went 
below freezing before this solution froze. 

Example 3 —The sixth-grade group made 
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a visit to the Weather Bureau in New York 
City and wrote a book of their observations 
there and what they learned in the class 
study. 

Example 4.—Another sixth-grade group, 
which has been studying plants, has started 
a map to show the location and names of all 
the plants on the school grounds. 

These samples and other units which 
would help children to interpret the world 
about them, such as a study of the stars, 
rocks, changes upon the earth, or the story 
of its development, would center most of 
the emphasis on scientific interpretations and 
materials. 


PROBLEMS INVOLVING SCIENTIFIC EXPLANA- 
TION 


Again, there would be times when a 
science unit might be of much narrower 
scope and would arise from some significant 
remark, observation, or question of the class. 
For instance, a group of children who were 
making sound recordings of their voices 
desired to learn why they talked into a mi- 
crophone, how the needle passing over a 
plain disk could record what they were say- 
ing, and how the record could be played im- 
mediately following its recording. 

At another time one of the children said, 
“Oh, do you put those slides in the lantern 
upside down?” “Yes.” “Do you always 
put them in that way?” “Yes.” Answering 
their questions slowly without comment 
stimulated more discussion and a group of 
boys who called themselves the “Science 
Club” experimented with the lantern to find 
out why this was true. The janitor helped 
them take the lantern apart to see how it was 
made and let them put it back omitting a cer- 
tain lens to see the effect. Some of the ques- 
tions they discussed while making this ex- 
periment were: does the lantern 
magnify the writing? How does the lantern 
bend the rays of light? How does the focus- 
ing make the image clear ? 

Related to this type of unit is the unit with 
short learning periods which reoccur at 
longer intervals. 


How 
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In October, several children brought spi- 
ders to school. They prepared a terrarium 
and placed the spiders in it. For two days 
they watched the spinning of different kinds 
of webs. They fed the spiders grasshop- 
pers and crickets. On the third morning a 
large egg sack appeared in one of the webs, 
then two more. The children watched the 
eggs day by day to see what would happen. 
In the spring one spider came out of the nest. 
He had eaten up all the others. 

The children grew vegetables in their 
school garden and gave them to poor families 
whom they were helping. 


WHOLE SCHOOL UNITS 


Then, too, there may be entire school 
units, such as the care of a pet, which respon- 
sibility may be assumed by a single class but 
whose work becomes definitely the interest 
and concern of all the children of the school. 

A sixth-grade class built a pet pen for a 
baby calf, but all of the children were inter- 
ested in watching the calf’s house, in deter- 
mining how they were building it, and in 
how they were constructing it for warmth. 
A record of the building of the pen and a 
story of the calf was kept on the bulletin 
board. 


D1rary OF A CALF’s House 


Monday, November 14—We measured the pet 
pen and found that there was not room for the 
calf’s house inside the pen. We must put the 
house outside the pen. 

Monday, November 21—We reset the cement 
posts and mixed more cement for reénforcing 
them. It keeps them in place. We also chose 
different children from the seventh grade to help 
us. 
Monday, November 28—We started to lay the 
floor of the calf’s house. Late this afternoon we 
went to the farm and got the calf and put him in 
the furnace room for the night. 

Tuesday, November 29—Jack, Bob and Klaus 
tried to teach the calf to drink milk but didn’t suc- 
ceed very well. The boys finished laying the floor 
of the house. 


The children also had a pet sheep, two 
pigs, carrier pigeons, and rabbits. These 
different animals gave a comparative basis 
for the study of different animals’ homes, 
food and habits. 
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ESSENTIAL MEANINGS IN A SCIENCE 
PROGRAM 
Science teaching of this sort, while it may 
be much more meaningful to the children, 
inasmuch as it is related to their interests 
and experiences or is initiated by them, yet 
needs to be tied or related to big scientific 
meanings that are fundamental and form a 
thread which provides a core or unity for a 
child’s information. For instance, children 
cannot work out a history of people’s beliefs 
about the sky without. realizing how scien- 
tific knowledge has replaced superstitious 
beliefs. A group of children who represent 
the solar system to scale have added some- 
thing to their concept that space is vast. 
Children who know the development of 
lighting will have more appreciation for the 
scientific method. Such concepts form the 
organization points throughout a science 
program made up of units such as those de- 
scribed. 


DEVELOPING MEANINGS THROUGH 
DEMONSTRATIONS 


In these units it is important that a teacher 
should know demonstrations on a child’s 
level which will illustrate certain points, as: 
(1) sprinkling iron filings around a magnet 
to show that magnetism is a matter of molec- 
ular arrangement, (2) testing samples of 
water from a drowned river for salinity to 
show the effects of the tide, or from a young 
river to compare the amount of sediment 
carried at different times, (3) showing how 
sound transfers differently through differ- 
ent media, such as wood, iron, water, air and 
through a vacuum, (4) observing the pecu- 
liar forms which liquids and solids assume 
under varying conditions. 


SCIENCE EQUIPMENT IN AN ELEMENTARY 
SCHOOL 

It is important that there are materials 
easily accessible to the teacher and children 
for carrying out experiments. In some 
schools this material is checked as it is given 
out for experimental use, through a central 
supply room and becomes a part of room 
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equipment during the development of a unit. 
The certainty of the use of such materials 
seems to be in direct proportion to the ease 
of obtaining the material. 

Much of the functioning material needed 
to illustrate a wide range of scientific prin- 
ciples can be bought at a nominal sum in a 
notion store, radio shop, or automobile 
wrecking shop. A partial list would in- 
clude: glass bottles, rubber tubing, ther- 
mometers, pyrex bottles, toy steam-engines, 
toy heaters, pulleys, scales, wires, gears, 
magnets, batteries, light bulbs, mirrors, mag- 
nifying glasses, guide-books, flowers, books, 
wiring connections, terminals, dry and stor- 
age batteries, battery chargers, transform- 
ers, animal cages, glass jars, and aquariums. 

There are items which children can collect 
that may well become a part of a permanent 
school equipment, such as unusual rock 
specimens, fossils, photographic illustrations 
of birds and of other animal life, rock and 
geological formations, plants, trees, glacial 
evidence, erosion, et cetera. Some items 
which they could make are wind gauge, sun- 
dial, telescope and testing boxes or devices. 
Books which children make may be of suf- 
ficient value to include them in the school 
library file of materials. 

It is often difficult to obtain reading ma- 
terials that are written on a level for the 
child to understand. Lately people have 
discovered that younger children show a de- 
cided interest in scientific material. Some 
of the most recent science books that have 
been published are: “The Pathways in 
Science” series; the group on the develop- 
ment of the earth, published by the Thomas 
S. Rockwell Company ; “The Child and the 
Universe,” by Bertha Stevens; and “The 
Wonder World,” a reference book. In 
grades in which children are actively inter- 
ested in science, further suggestions for 
work may be had from current magazines. 
The best of this material can be classified 
and pasted in a scrap book for class use. 

The museum offers one of the most 
graphic means of representing science appli- 
cations and interpreting scientific ideas. 
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The American Museum of Natural History 
offers materials for aiding in the understand- 
ing of solar phenomena, the development 
of life, and the adaptation of life to different 
regions. The exhipvits in the Science Mu- 
seum of the News Building are particularly 
interesting because they may be manipulated 
by the children. They trace the historical 
development of a wide variety of mechanical 
inventions and show the rapid growth of 
science in relation to time concepts. 

In summary, several tendencies or trends 
are evident in present teacher practice: 

1. Science work is being related to and is 
making more meaningful the work which the 
children are doing. 

2. Science units are selectd on the basis 
of their illustrative value and aid in the 
child’s understanding of phenomena most 
common in his environment. 

3. Some science units while best suited 
to particular grade levels have phases that 
appeal over a much wider range. 

4. A good science unit contributes to 
fundamental scientific meanings that run 
through a science program for elementary 
grades. 

5. The materials within the unit should 
be on the level of the ability of the children 
and should provide many possibilities for 
acquiring scientific meanings. 

6. As far as possible children should be 
encouraged to represent graphically time and 
space relationships and other scientific ideas. 

7. Beside the understandings within a 
unit many should provide an interest for 
further learnings or research, or in other 
words leave children research minded. 

8. The most valuable material gathered 
to illustrate a science unit should become a 
part of a permanent and growing collection 
available to other science groups. 

9. Units should acquaint the children with 
national organizations mainly concerned 
with discovering and disseminating scientific 
information. 

10. The units in an elementary science 
program should acquaint the children with 
a wide range of science material. 








EXPERIMENTAL EFFORTS TO IMPROVE THE TEACHING 
OF PHYSICS 


A. W. Hurp 


Institute of School Experimentation, Teachers College, Columbia University 


Forty-four published quantitative experi- 
mental investigations are listed in the at- 
tached bibliography. These are studies 
made during the last decade. Testing pro- 
grams in physics conducted by city or state 
educational departments, like the Philadel- 
phia “Division of Science” testing, or the 
Ohio “Every Pupil Test” are not included. 
All descriptive experiments not utilizing 
quantitative measurements, although of ex- 
perimental value, are omitted. While it may 
not be true that a quantitative educational 
experiment is always superior to a purely 
qualitative one, only experiments utilizing 
quantitative measures are included in this 
bibliography. All studies listed deal with ex- 
perimental or control pupil groups, or com- 
pare pupil groups exposed to various condi- 
tions which may be considered experimental. 
Each of the references given contains ex- 
perimental data not included in any other. 
All relate to high-school physics as taught 
in the eleventh or twelfth grade. 

It would be impossible to evaluate or in- 
terpret the experimental findings of all the 
investigations cited, in such a brief report as 
this. If they have not revolutionized the 
meeting of physics, but have succeeded in 
stimulating the experimental attitude to- 
ward problems of content and method, it is 
as much as may be expected from the short 
period which has been given to controlled 
school experimentation. Owing to my close 
contacts with the experiments sponsored by 
the Institute of School Experimentation, 
and to my consequent knowledge of them, 
I shall try to outline a few aspects of some 
of those we have carried on during the last 
four years. These experiments have in- 
volved approximately 6000 pupils enrolled 
in 250 classes in 125 schools. Each experi- 
ment has employed a teaching unit utilizing 
between three and four weeks of school time. 
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The experiments were instigated by a desire 
to reorganize high-school physics so as to 
make it more fruitful in accomplishing the 
aims of modern education, and to evaluate 
the effects of some proposed instructional 
units. The first year, thirteen suggested 
teaching units were used in one or more 
schools. The second year, one unit, with the 
title “Electric Lighting Systems,” was used 
exclusively, with a more carefully planned 
outline, new work sheets, and two new mea- 
suring tests. The third year, a revised edi- 
tion of the same unit was used. This pro- 
vided a different selection of content, new 
tests and work sheets, and a written unit in- 
cluding many diagrams and photographs. 
This written unit may be thought of as a 
minimum essential text-book for the unit. 
The fourth year, that is, during 1932-1933, 
a different teaching unit, “Electricity 
in Communication,” is being used. Mate- 
rials include special work sheets, a minimum 
essential text with diagrams and other illus- 
trations, preliminary and final tests, and 
other teacher and pupil helps. These helps 
are suggestions for laboratory and demon- 
stration experiments, a list of useful appa- 
ratus and supplies, and recommend reference 
books. 

All experiments have involved achieve- 
ment on (1) a selected body of minimum 
essentials comprising stated information, 
appreciations, and problems ; and special in- 
dividual work, not included in the minimum 
essentials, to be carried on by individual 
pupils. The minimum essential phases of 
achievement have been estimated both from 
final test scores and gains from preliminary 
to final tests. Special efforts have been di- 
rected toward the construction of valid and 
reliable tests. The short-answer type has 
been proved of most value for these experi- 
ments and has been used exclusively the last 
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two years. There have been more than 100 
test items in each of these tests. The reli- 
ability coefficient for the last test for which 
data are available is .957 + .006. Validity 
must be considered high, for test items have 
been made to parallel the specific details of 
the unit outlines, work sheets, and written 
units. In none of the records for the last 
four years has there been a single pupil who 
did not show a distinct gain from prelim- 
inary to final test. High final test scores 
have been the definite objectives of the 
minimum essential portion of the plan. Pre- 
liminary tests have been so like the final 
tests that they have given pupils definite 
pre-views of the minimum essential objec- 
tives. On the other hand, they have been 
enough unlike the final tests to discount 
“parrot-like” memorization of the prelim- 
inary test answers. The last two years, in- 
struction has been directed toward remedy- 
ing the discrepancies disclosed by the 
preliminary test. The wisdom of setting and 
measuring definite accomplishments has 
been proved by greatly increased achieve- 
ment scores in a wide sampling of schools. 
Not only have there been increasing scores 
from year to year, but each year, control 
schools, using only the tests without ex- 
perimental materials, or without knowledge 
of the experimental plan, have shown 
achievements relatively much lower than ex- 
perimental schools. On the average, con- 
trol school achievements have been very 
much like the achievements obtained in the 
first year of the experimentation before the 
experimental plan had been well developed. 
Test scores for 1931-1932 show that the 
poorest experimental school achievement is 
equal to or above the mean of that of un- 
selected schools in the country at large. 
There seems no doubt that comprehensive 
plans such as have been evolved for these 
teaching units result in more satisfactory 
pupil achievement. The data prove without 
question the feasibility of the plan adopted. 

The special work beyond the minimum 
essentials, carried on by individual pupils, 
has been stressed particularly during the last 
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two years. Experimental directions have 
set aside all time spent in class for intensive 
work on minimum essentials. Directed and 
supervised study on essentials is cared for 
during class periods. A specific requirement 
has been made that no lessons on these 
essentials should be assigned to use out-of- 
class time. All out-of-class time has been 
reserved for the specialized individual 
work. It may be interesting to know that 
reports from 21 schools in 1931-1932 
showed 1221 pupils carrying on various in- 
dividual projects. Six hundred thirty-six 
engaged in study or investigation with or 
without written or oral reports, with 70 dif- 
ferent topics represented ; 28 wrote papers 
on 26 different topics; 28 gave reports; 13 
gave demonstrations ; 85 drew diagrams ; 50 
read various books or periodicals ; 31 made 
field trips; 132 performed supplementary 
experiments; 143 constructed or repaired 
devices related to electric lighting ; 32 made 
scrap-books or collected clippings; and 43 
engaged in other miscellaneous projects. 
There is a definite psychology in the plan 
of minimum essentials and supplementary 
individualized work too involved to develop 
in so short a paper. Minimum essentials re- 
quire definite standards of accomplishment 
for all pupils to meet. If selected wisely, 
they represent a functional level for the 
slowest normal pupil. They make a certain 
degree of conformity and industry neces- 
sary. The supplementary individualized 
program allows for any degree of capacity 
or interest, and is designed especially for the 
superior pupils. The combination of these 
two aspects rules out the assumption that 
all pupils must acquire much knowledge of 
a technical nature. There has been too great 
an implied emphasis in the past on technical 
knowledge useful only to the future physi- 
cist. Weare likely to forget that physics is 
a highly technical vocational field, and we 
have no more reason to treat pupils as pros- 
pective physicists than as prospective physi- 
cians, lawyers, or engineers. The concepts 
of minimum essentials and supplementary 
individual work made provisions for the 
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well-informed layman and, in addition, give 
opportunities not only for the future physi- 
cist, but for all other future specialists out- 
side the field of physics, in the professions, 
in business, or in the trades. The Institute 
teaching units represent a compromise be- 
tween traditional and extreme so-called 
progressive education. Traditional educa- 
tion commonly calls for a rather rigid text- 
book régime; extreme progressivism de- 
mands considerable freedom of pupils in 
planning work and carrying it forward. 
Minimum essentials retain desirable ele- 
ments of the traditional type ; the specialized 
individual work makes allowance for de- 
sirable freedom. 

Furthermore, the plan of supplementary 
projects stimulates pupil initiative and re- 
sponsibility which are necessary if the pupil 
later makes a place for himself in his pro- 
fessional or business life. It withdraws 
undue attention from a single text-book as 
the source of all knowledge and wisdom. It 
shows the pupil that libraries, field trips, con- 
structional work, and other activities are 
useful in his education. The reservation of 
all out-of-class time for these supplementary 
activities, which is a definite experimental 
condition of the experiments of 1931-1932 
and 1932-1933, puts into practice a wise use 
of leisure time. Definite provisions are 
made also for the necessary direction of the 
supplementary activities. 

Minimum essentials for the teaching units 
used have aimed to stress functional con- 
tent. The unit, “Electric Lighting Sys- 
tems,” was used for two years of experi- 
mentation. Note that the topic is not techni- 
cal in immediate implication, but of natural 
interest to every one. It includes content 
from the two conventional divisions of phys- 
ics, light and electricity, thus breaking across 
these logically developed topics. Some items 
which are not commonly discussed in cur- 
rent textbooks of physics, but which are 
treated at some length in this unit are: (1) 
what good illumination means and how it 
may be obtained; (2) common faults in 
lighting to be avoided; (3) desirable effects 
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of adequate illumination in the home, in in- 
dustry, and in the street; (4) why lighting 
research is important and what it is attempt- 
ing to do, and (5) light rays of various wave- 
lengths and their significance in life. The 
unit, of course, involves laws and principles 
of physics, the understanding of which are 
major objectives, but which are not stated 
as unit titles. The strategy of this is to ap- 
peal to pupil interest in a functional topic, 
with the underlying understanding of the in- 
structor that, in order to make knowledge 
gained through a study of the unit function 
in the lives of the pupils, a summary of use- 
ful generalizations (physical laws and prin- 
ciples) must finally be made. This places 
the generalization of large concepts, as they 
have been called in the proper order for the 
pupil. Pupils do not naturally begin any 
study merely in order to understand some 
stated generalization. They become inter- 
ested in naturally interesting or useful 
things, desire to understand them, and fi- 
nally, after study and experience, summarize 
their knowledge in the form of generaliza- 
tions. 

It seems reasonable to think that if all 
schools would plan their courses in the form 
of teaching units according to this general 
scheme—and this is said in full realization of 
the capacities of pupils who now constitute 
our public secondary school population— 
a more natural method of learning would 
result. Moreover, this unit setting would 
make possible all degrees of achievement 
suited to the varied capacities of pupils who 
are now found in our classes. While all 
physics pupils will be interested in electric 
lighting, not all will reach the same stage of 
understanding of the underlying laws and 
principles of physics. This ability to gen- 
eralize varies greatly among school pupils. 

Time is too short to speak of the many in- 
teresting by-products of the experimenta- 
tion. Two series of control experiments to 
measure the effects of work sheets were 
carried on in 24 schools during two years. 
They involved nearly 2000 pupils in un- 
matched groups, and nearly 500 matched 
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pairs. The findings show that work sheets 
are of great help to many teachers and 
pupils. (See references 28 and 31.) An- 
other series of experiments made possible 
comparisons of 602 pupils in 21 schools who 
received six days of special remedial instruc- 
tion, with 1423 pupils in 34 schools who did 
not receive this specific remedial instruction. 
The findings show statistically significant 
gains from the specific remedial instruction. 
(See reference 30.) A third set of compari- 
sons involving 44 classes of varying size 
give evidence to show that, on the average, 
pupils in classes of less than 20 score high- 
est ; those in classes of 20 to 30, lower; and 
those in classes of more than 30, lowest, in 
the kind of achievement expected in the In- 
stitute experiments. (See reference 32.) 
Other detailed phases are discussed in the 
referencs given in the bibliography. (See 
reference 32 for a summary of all.) 

It seems important to have research 
planned to solve problems which are integral 
portions of feasible educational plans, so 
that the findings may fit into a comprehen- 
sive, well-thought-out scheme. Some critics 
have said that much of our present day edu- 
cational research is futile because it assumes 
a set of premises not necessarily funda- 
mental, and not always consciously recog- 
nized as unessential. They say that although 
it may be agreed that often a point has been 
proved, the natural question arises, “What 
of it?” Educational experimentation, in 
its very nature, tends to be practical. The 
Institute experiments have been planned so 
that the findings make definite contributions 
to school theory or practice. They have at- 
tempted to interpret and evaluate some of 
the merits of traditional and progressive 
education. They have assumed that there 
were good elements in both. Quantitative 
experimental data have disclosed some ad- 
vantages of the procedures of each. Con- 
tinued experimentation with both phases 
with gradually improved means of evaluat- 
ing the results in the development of student 
power, and ability to perform worth-while 
tasks, will eventually make clear the desir- 
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able features of each. In the long run, the 
effects of each in stimulating enriched and 
happy community and individual life will 
determine its value. 


BIBLIOGRAPHY OF REPORTS ON EXPERIMENTAL EF- 
FORTS TO IMPROVE THE TEACHING OF PuHysIcs 
(1923-1932) 

Note:—Only quantitative studies involving the 
use of tests in comparing experimental and 
control groups are included. 

Bear, R. M. “The Predictive Value of the 
Iowa Physics Aptitude Placement Test.” Journal 
of Applied Psychology 11: 381-384; October, 1927. 
(Correlations—single group experiment.) 

Brack, Oswatp F. The Development of Cer- 
tain Concepts of Physics in High School Students. 
Potchefstrom, S. Africa: Die Weste, 1930. 
(Group comparisons. ) 

BLANK, IRENE R. “An Experiment in Direct- 
ing Thinking in Physics.” University of Pitts- 
burgh School of Education Journal 5: 90-96; 
March, 1930. (Experimental and_ control 
groups.) 

CARPENTER, Harry A. “Success in Physics 
and Chemistry in Relation to General Science and 
Biology.” Science Education 14: 589-599; May, 
1930. (Group comparisons.) 

Cramer, W. F. “A Study of Some Achieve- 
ments of Pupils in the Special Sciences—General 
Science Versus Non-General Science Groups—in 
the High Schools of Kansas City, Missouri.” 
Science Education 14:505-517; March, 1930. 
(Group comparisons. ) 

Durtt, H. W. “The Even-Front System 
Versus the Rotation System in Laboratory Phys- 
ics.” School Review 36: 447-454; June, 1928. 
(Experimental and control groups.) 

Dyer, JoHN H. An Analysis of Certain Out- 
comes in the Teaching of Physics in Public High 
Schools. Philadelphia: University of Pennsyl- 
vania, 1927. (Experimental and control groups.) 

Epminston, R. W. “The Relative High Abil- 
ity of the Chemistry Group in Comparison with 
the Biology and Physics Groups of the Secondary 
Schools.” Journal of Chemical Education 8 : 556- 
558; March, 1931. (Comparison of groups.) 

FRANZEN, C.G. F. “An Experiment in the Con- 
tent of High School Physics.” Bulletin of Indiana 
University 3 : 42-57 ; 1937. (Group comparisons. ) 

GLENN, Eart R., ann BrooKMEYeEr, Ivan L. 
“The Conventional Examination in Physics and 
Chemistry Versus the New Type of Tests, Part 
III.” School Science and Mathematics 23: 459- 
470; 1923. (Group comparisons.) 

Hucues, J. M. A Study of Intelligence and 
of the Training of Teachers as Factors Condition- 
ing the Achievement of Pupils. Doctor’s Dis- 
sertation, University of Minnesota, 1924. (Group 
comparisons. ) 

Hurp, A. W. “Observations on Factors De- 
termining Success in Physics.” School Science 
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and Mathematics 25: 122-131, 259-266; February 
and March, 1925. (Group comparisons.) 

—————. A Topical Method Compared 
With a Problem Method in Acquisition of Infor- 
mation and Ability to Solve Problems in the Sub- 
ject of Heat in Physics.” Unpublished Master’s 
Thesis, University of Minnesota, 1924. (Experi- 
mental and Control groups.) (A partial report of 
this investigation was published in Bulletin of 
the University of Minnesota, College of Educa- 
tion 38: 3-9; 1925.) 

——_—_——.. “Suggestions on the Evaluation 
of Teaching Procedures in High School Physics.” 
School Science and Mathematics 27 :220-226; 
May, 1927. (Experimental and control groups.) 

— “Subject-Matter Versus Char- 
acter Traits.” Journal of Educational Method 
5: 147-154; December, 1925. (Experimental and 
control groups.) 

“The Intelligence Quotient as a 
Prognosis of Success in Physics.” School Re- 
view 34: 123-128; February, 1926. (Individual 
and group comparisons. ) 

——_———. “A Suggested Technique for 
Selecting High School Pupils Who May Be AI- 
lowed to Plan Their Own Lesson Assignments.” 
School Review 34: 618-626; October 1926. (In- 
dividual and group comparisons. ) 

——_————. “Progress Report of the Sub- 
Committee on Physics on the Development of 
Quantitative Units for High School Physics.” 
North Central Association Quarterly 4: 17-42; 
March, 1929. (Group comparisons.) 

————.. “Reorganization in Physics.” 
North Central Association Quarterly 4: 227-293; 
September, 1929. (Group comparisons.) 

——_—_———. “Achievements of Students in 
Physics.” Science Education 14: 437-448; Janu- 
ary, 1930. (Individual and group comparisons.) 

“The Effects of Previous Upon 
Subsequent Courses in Science.” Educational 
Administration and Supervision 16: 144-146; 
February, 1930. (Group comparisons.) 

—————.. “High School Physics Makes 
School 
(Group 


Small Contribution to College Physics.” 
and Society 31: 468-470; April 5, 1930. 
comparisons. ) 

“Present inadequacies and Sug- 
gested Remedies in the Teaching of Physics.” 
School Science and Mathematics 30: 539-546; 
May, 1930. (Individual and group comparisons.) 

———. “Progress Report on the De- 
velopment of Teaching Units in High School 
Physics.” North Central Association Quarterly 
5: 257-293; September, 1930. (Group compari- 
sons. ) 

—_—_—_———. “Interest as a Factor of Achieve- 
ment in Science.” Science Education 15: 54-60; 
November, 1930. (Individual and group compar- 
isons. ) 

“Additional Studies Relating to 
Physics.” North Central Association Quarterly 
5: 471-493; March, 1931. (Group comparisons.) 
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“Effects of School Instruction 

on Student Achievement.” Science Education 15: 

239-244; May, 1931. (Individual and group com- 
parisons. ) 

“The Workbook as an Instruc- 

School Review 39: 608-616; Oc- 

(Experimental and control groups, 


tional Aid.” 
tober, 1931. 
1930.) 
—_—_———. “Preliminary Tests as Prognos- 
tic of Final Achievement in Physics.” School 
Science and Mathematics 31 : 745-748 ; September, 
1931. (Individual and group comparisons.) 
“Does Remedial Instruction 
School and Society 34: 467-468 ; October 
(Experimental and control groups.) 
“The Textbook Versus Work 
Sheets in Instruction.” Educational Administra- 
tion and Supervision 17: 661-664; December, 
1931. (Experimental and control groups, 1931.) 
Codperative Experimentation in 
New York: Bureau of Publications, 
1933. 


Pay?” 
3, 1931. 


Physics. 
Teachers College, Columbia University, 
(Group comparisons. ) 

Krester, E. W., AND Woopy, Ciirrorp. “The 
Individual Laboratory Versus the Demonstration 
Method of Teaching Physics.” Journal of Edu- 
cational Research 7:50-58; January, 1923. 
(Group comparisons. ) 

LemMME, JeEroME G. “Is High School Mathe- 
matics an Adequate Preparation for High School 
Physics?” School Science and Mathematics 30: 
41-44; January, 1930. (Individual and group com- 
parisons. ) 

Lower, Virci. C. “A Study of Mathematical 
Abilities, Powers, and Skills as Shown by Certain 
Classes in Physical Science.” School Science and 
Mathematics 25:834-844; November, 1925. 
(Group comparisons. ) 

—__—_—_——. “A Comparison of Some Tests 
Given in High School Physics.” School Science 
and Mathematics 27: 74-85; January, 1927. (In- 
dividual and group comparisons. ) 

—_—————. “Some Factors of Success in 
Physics.” School Science and Mathematics 28: 
389-398 ; April, 1928. (Group comparisons.) 

Mitter, D. W. “An Experimental Study of 
Methods in Physics.” Peabody Journal of Edu- 
cation 8: 79-81; September, 1930. (Experimental 
and control groups. ) 

Mitter, P. S. “A Quantitative Investigation 
of the Efficiency of Instruction in High School 
Physics.” Journal of Educational Research 19: 
119-127 ; February, 1929. (Group comparisons.) 

Peters, CHESTER J. “An Evaluation of a Reor- 
ganization of the Present Core of Subject-Matter 
in High School Physics.” School Science and 
Mathematics 27 : 172-182; February, 1927. (Ex- 
perimental groups rotating.) 

Rotre, E. C. “A Comparison of the Effective- 
ness of a Motion Picture Film and of Demon- 
stration in Instruction in High School Physics.” 
In Visual Education, University of Chicago Press, 
1924. (Chapter IX, pp. 335-338.) (Experimental 
and control groups.) 
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ENGLISH SCHOOL EXAMINATIONS 
F. W. Turner, M.A., M.Sc., M.R.S.T. 
Thames Valley County School, Twickenham, Middlesex, England 


At the end of the usual five-year course 
in English secondary (high) schools there 
is an externally conducted examination 
known as the First School Certificate Ex- 
amination. In 1918 the Board of Educa- 
tion endeavoured to simplify and codrdi 
nate these existing examinations which had 
been established by the various University 
Authorities for secondary school pupils 
Before this date there was no codrdinate 
machinery for these examinations, which 
consequently had varying standards and re- 
quirements; nor was there any commonly 
accepted principle of conduct for them. 
The chaos that then existed was terminated 
by the Board’s decision to recognise only 
two examinations, one being the First 
School Certificate Examination and, the 
other, the Second or Higher School Certifi- 
cate Examination. The latter was intended 
to be suitable for Sixth Forms and for 
specialized courses. 

The First School Certificate Examina- 
tion, with which this article deals, was to 
be, in the words of the Board, “suitable for 
Forms in which the average age of the 
pupils ranges from 16 years to 16 years 8 
months,” the usual age for English Forms, 
i.e., at the end of the usual five-years course 
dating from the entry into the Secondary 
School at the age of 11 plus. It was “de- 
signed to test the results of the course of 
general education before the pupil begins 
such a degree of specialisation as is suitable 
for Secondary Schools,” and “the standard 
for a pass will be such as may be expected 
from pupils of reasonable industry and or 
dinary intelligence in an efficient Secondary 
School.” 

Unfortunately, while this First School 
Examination as conducted by the Univer- 
sities was to be the certification of a reason- 
able Secondary School education, it was 
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given another, although admittedly subor- 
dinate, purpose by being made to serve as a 
qualifying examination for entrance to the 
Universities (commonly known as matricu- 
lation). That it should have this secondary 
purpose was inevitable, as otherwise a pupil 
leaving the secondary school and desiring 
to enter a University would have to take a 
separate examination in order to matricu 
late. 

The subjects of the First School Exami- 
nation fall into three groups: (1) English, 
(2) Foreign Languages, (3) Mathematics 
and Science. There is a fourth subordinate 
group consisting of Art, Music, Handi- 
crafts and Housecrafts. The regulations 
require that a candidate should “show a 
reasonable amount of attainment in each of 
these (three) groups, and will be judged by 
this test rather than by his power to pass in 
a prescribed number of specified subjects.” 

In order to mark the difference between 


candidates who have merely passed and 


those whose performance is meritorious, 
there are two standards for each subject in 
the examination, a pass and a credit. The 
standard of a credit is such that credit in a 
given approved subject entitles the candi- 
date’s performance in that subject to be ac 
cepted for the purpose of matriculation 
The recognised authorities for the con 
duct of the First School Examination are 
the Universities, who were already doing 
this kind of work before the reorganisation 
in 1918. There are eight such recognised 
authorities, The Oxford and Cambridge 
Joint Board, The Cambridge Syndicate, 
The Oxford Delegacy, The Northern Uni- 
versities Joint Board, the Universities of 
London, Durham and Bristol, and the Cen 
tral Welsh Board. These bodies are all 
differently constituted but are all alike in 


including a certain number of active teach 
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ers in addition to the University members. 
They are independent of one another in or- 
ganisation, in finance, and in the conduct of 
examinations, but are subject to the ap- 
proval of the Secondary School Examina- 
tions Council, a body set up by the Board 
of Education as a codrdinating authority 
and consisting of representatives of the 
eight examining bodies, of the Local Edu- 
cation Authorities, and of the teachers. 
The interference of this Council is very 
little, and the existence of eig! 


bodies gives scope for variety and experi- 


it examining 


ment, although it is realised there are dan- 
gers in the fact that these bodies are com- 
petitors, particularly financially, as the 
number of candidates increases. 

The relative importance of these exam- 
ining bodies is shown by the following per- 
centage distribution of candidates in 1930. 


Northern Universities Joint Matricula- 


tion Board 28.0 
London University 20.4 
Oxford Delegacy 16.9 
Oxford and Cambridge Joint Board 11.9 
Cambridge Syndicate 11.0 
Central Welsh Board 9.1 
Durham University 1.9 
Bristol University 0.8 


The general conditions for obtaining a 
certificate in any one of the eight approved 
examinations are: (1) a pass in each of 
Groups I, II and III and (2) a pass in not 
less than five subjects, of which it is pos- 
sible to take two from Group IV, except in 
the examination of the Oxford and Cam- 
bridge Joint Board. There are some minor 
individual requirements prescribed in each 
examination. Although a candidate must 
pass in five subjects, he may offer up to a 
maximum of eight, and there is consider- 
able difference in the number of subjects 
actually offered as indicated by the follow- 
ing table showing the percentage of candi- 


dates offering 5.6.7.8 subjects. 


Examining Body 5 6 7 8 


0. & CJ.B. 92 369 362 17.7 
Oxford 41 149 331 479 
Cambridge 6.1 248 369 321 
N.U.J.M.B. 32 259 438 27.1 





[ Vor. 18, No. 1 


The majority of candidates offer 7 or 8 
subjects, and it is noteworthy that the per- 
centage of certificate successes increases 
with the number of subjects offered. It is 
suggested that this is partly because the 
extra subject gives the candidate an extra 
chance, and partly because only the better 
quality candidates are likely to offer more 
than the minimum number of subjects. 

The table on page 25 shows the relative 
popularity of the subjects commonly taken 
in six of the examinations, the numbers ex- 
pressing the percentages of the entries in 
English, which is compulsory for all candi- 
dates. 

The relative popularity of the foreign 
languages is shown by these figures that 
follow: French—100.0, Latin—-43.2, Ger- 
man—8.1, Welsh—4.3, Greek—3.8, Span- 
ish—1.5. 

The subjects in Group IV differ in im- 
portance from those in the other three 
groups. They need not be offered at all as 
for the purposes of the certificates it is not 
necessary to pass in Group IV. 

In spite of the codrdination referred to, 
the First School Certificate Examination 
has been the subject of much recent criti- 
cism, and this criticism has been brought to 
a focus by the publication of an investiga- 
tion into the examination as held in 1930 by 
a Panel of Investigators appointed by the 
Secondary Schools Examinations Council.? 
This report, from which the foregoing 
tables have been taken contains a survey of 
the existing examination and also gives a 
number of recommendations for the future’ 
conduct of the examination. These recom- 
mendations of the Panel of Investigators 
which are forming the basis of a good deal 
of discussion in educational circles in Eng- 
land at the present moment fall under two 
headings, General and Subject. 

Among the General recommendations the 
one which has excited the most comment, 
mainly of approval, is the proposal to di- 


vorce the First School Examination, in- 
tended as “an adequate test at the Fifth 
Form stage of the course of education pur- 
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sued by pupils attending Secondary 
Schools,” from Matriculation, the entrance 
requirement for admission to a University. 
To quote from the Report (p. 47), “Ma- 
triculation means admission to the privi- 
leges of a University but the term is com 
monly used to denote an examination 


Cambridge London N.U.J.M.B 
English 100 English 100 English 100 
French 99 French 99 French 98 
History 90 Arith. 94 Maths 95 
Maths 89 Maths 93 History 90 

- Geog. 73 History 73 Geog. 70 
Art. 47 Geog. 61 Chem. 50 
Rel. Kn. 42 Chem. 43 Art 42 
Latin 38 Art 42 Latin 41 
Chem. 37 Latin 36 Physics 40 
Physics 28 Botany 25 Botany 23 


Botany 26 Ht.Lt.&Sd. 22 


achievement of a particular kind. To gain 
‘Matriculation’ by means of the School Cer- 
tificate Examination is in fact the aim of 
thousands of Secondary School pupils who 
neither intend or desire to enter the doors 
of a University. A ‘Matriculation Certifi 
cate’ is regarded by candidates as a superior 
kind of certificate. Many employers think 
of it as better worth having than an ordi- 
nary School Certificate and therefore ask 
for it from their recruits, so it possesses 
distinct commercial value. Heads of 
schools are in consequence pressed by par- 
ents to allow pupils to try for Matriculation 
when it is not in the best interests of their 
education that they should do so. Further, 
many candidates who already hold a School 
Certificate sit for the examination a second 
time in order that they may matriculate 
when it might have been educationally 
more profitable for them to pass on to more 
advanced work.” As a consequence, (page 
50) matriculation requirements dominate 
the situation; they set the pace in the 
School Certificate Forms and determine the 
subjects taken by the candidates including 
many who will in fact fail to obtain the de- 
sired Matriculation Certificate. This goes 
far to render nugatory the idea of the 
School Certificate as essentially an exami- 
nation which provides a test of the Secon- 
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dary School curriculum, but does not itself 
determine that curriculum.” 

Consequently the investigators recom 
mend that the University cease to issue Ma 
triculation Certificates as a result of the 
School Certificate Examination and accept 


instead, without particular conditions, a 


0.&C.J.B C.W.B Oxford 
English 100 English 100 English 100 
French 100 History 90 French 96 
Maths 100 Maths 81 History 91 
History 92 Geog 80 Maths 88 
Latin 69 French 66 Geog. 74 
Rel. Kn 46 Chem 44 Art 57 
Geog. 31 Welsh 41 Rel. Kn 37 
Add. M. 26 Latin 35 Physics 34 
Chem. 25 Art 27 Latin 33 
P.w.C. 23 Physics 26 Botany 30 
Physics 22 Chem 28 


combination of the First School Certificate 
and the Higher School Certificate as suf- 
ficient for matriculation purposes. This, it 
is claimed, would set the First School Cer 
tificate Examination free from the condi- 
tions attaching to matriculation so that it 
may serve its primary purpose as essentially 
a school examination providing an appro 
priate test of the Secondary School curricu 
lum in its different varieties at the Fifth 
Form Stage. 

Further, it is suggested that the principle 
of easy papers and a high standard of 
marking should be adopted in order that the 
examination may follow and not control or 
guide the teaching in the schools and may 
provide “a fair and adequate test of Secon- 
dary School work such as pupils of reason 
able industry and ordinary intelligence in 
an efficient Secondary School should be 
able to face with equanimity and which a 
large proportion of such pupils should be 
able to pass.” 

A separate part of the Report deals in 
particular with each examination subject. 
As far as the Science in the School Certifi 
cate Examination is concerned, it is noted 
that the science, most commonly taken in 
Chemistry, followed a long way behind by 
Physics (for boys) and Botany (for 
girls) ; further that there is a great num 
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ber and variety of papers in Science, there 
being fifteen possible ways in which a can- 


didate may satisfy the examiners in Sci- 


ence. 
Physics can be taken in four ways: (1) 
as a single subject, including all the main 


sub-sections, (2) as Heat, Light and 
Sound, (3) as Magnetism and Electricity, 
(4) as General Physics, an easier paper 
with much choice and no quantitative work. 
Some papers include Elementary Mechan- 
ics; others do not. Four examining bodies 
hold no practical examination in Physics, 
three make it obligatory and one optional. 

Chemistry is generally examined by a 
single written test, but in some cases a prac- 
tical test is optional, in some obligatory and 
in four is not held at all. 

Then seven of the eight examining bodies 
have in addition a paper in Physics and 
Chemistry combined, with a practical test 
in two cases. 

All eight bodies have a paper in Botany 
and one in Biology; two have one in Zool- 
ogy ; two have one in Geology. 

Five of the examinations have a paper in 
General Science, to test the elements of 
Physics, Chemistry and Biology. 

All these subjects are in Group III. 
There are applied sciences like Hygiene, 
Household Science and Agriculture in 
Group IV. 

What is regarded as unsatisfactory about 
the present position in regard to Science is 
that a candidate who takes and passes in 
any one of the Science papers in Group IIT 
is regarded as having satisfied the Certifi- 
cate requirements in Science. This has led 
to a very narrow view of science being 
taken in some schools which have been led 
to concentrate throughout on one science 
only. Moreover, as far as Physics is con- 
cerned, owing to the existence of papers on 
two or three sub-sections of Physics, it is 
possible to obtain a credit or pass in School 
Certificate Science on Heat, Light and 
Sound, or Electricity and Magnetism only. 
The combined Physics with Chemistry 
paper is criticised on the ground that it 
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“tests merely a little Chemistry plus a trun- 
cated course in Physics,” while “the Biol- 
ogy papers in general consist of two parts, 
one Botanical, one Zoological, with little to 
suggest that the paper is dealing with the 
phenomenon of living things as a whole.” 
Biology is regarded of course by the inves- 
tigators as being a more satisfactory intro- 
duction to the science of life than either 
Botany or Zoology separately. 

The recommendations of the investiga- 
tors on Science in the School Certificate 
are based on the rather revolutionary prin- 
ciple that “a candidate should not pass in 
Science unless both the Physical and Bio- 
logical Sciences are presented,” and are 
given in full. 

“The considered opinion of the Investi- 
gators is that the number and variety 
of options should be reduced, and that four 
papers only should be included in the gen- 
eral scheme of the examination. One of 
these they would term Elementary Science 
(the terms General Science and General 
deliberately 
avoided because they designate existing 


Elementary Science are 
syllabuses not quite filling the intended 
role). This paper they would make ob- 
ligatory virtually for all candidates desiring 
a pass in ‘Science.’ Following the general 
analogy of the corresponding test in Ele- 
mentary Mathematics (which examines the 
three branches of Arithmetic, Algebra and 
Geometry), it should be made up of ques- 
tions in the three main branches, Physics, 
Chemistry and Biology. It is essential 
that such a paper should be ‘elementary.’ 
“Three other quite optional papers might 
be set as ‘additional’ subjects, one each in 
Physics, Chemistry and Biology, in order 
to provide objectives for those schools 
which elect to give Science a more promi- 
nent place in the curriculum. One excep- 
tion might be made to the condition that 
all candidates in ‘Science,’ no matter which 
of the additional subjects they present, 
should take the elementary paper. Those 
candidates who (in good faith) take all 
three ‘additional’ papers might be exempted 
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from the Elementary papers. It would re- 
sult, therefore, that no candidate could take 
more than three Science — ‘ 

The investigators als« 
concerning the length oa a of examina 
paper 
they suggest a paper of about three hours 
in length in which ten questions should be 
a paper of 2} to 3 hours 
each for Physics and Biology and 2 to 24 
should be sufficient. 


Owing to the difficulties in some schools in 


ake suggestions 


tion papers. For the Elementary 


answered, while 
hours for Chemistry 


the provision of apparatus in duplicate, and 
owing to the necessity for Examiners to be 
present, it is suggested that laboratory work 
and practice should be tested not by a prac 
tical examination, but by questions incor- 
porated in the ordinary written test. 

The suggested compulsory paper in Ele 
mentary Science is a new departure, and 
it may be of interest to compare the sug- 
gested syllabus with General Science syl- 
labuses in use i As far as the 
examination paper is concerned the follow 
ing hints are given: 


America. 


I. The paper contemplated is a test of the 
knowledge of the elements both of the physical 
and biological scicnces with special reference to 
their application in everyday life. It might well 
require also the knowledge of the work of our 
great experimental philosophers of the past, e.g., 
Newton, Priestley, Davy, Faraday, Darwin and 
of their contribution to our store of knowledge. 
It might be expected that children should under 
stand in this way the general methods by which 
knowledge has been won and the way in which 
it has been applied (or even misapplied) in social 
affairs. 

II. The general st andard of work wi ald ibe 
elementary, i.e., it would insist on a knowledge 
of the elements only of the subjects. Whilst the 
general field to be covered would be wider, the 
amount of work to be done inside each sub-sec- 
tion of science would be much less than is now 
covered by candidates taking a single sub-sec 
tion, Physics or Chemistry or Botany or Zodl 
ogy. The purpose of the examination would be 
to ascertain that the candidate had obtained a 
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general view of the field of science and had an 
intellis igent appre eciation of its possibilities, but it 
wol ale i: cals Oe ailed knowledge of tech 
nique. By excluding the latter it might ve hoped 
that the examination would be able to test 


whether the candidates had appreciated what is 


meant by a “fact” and understood what inf 

ences might and what nH not be drawn from 
the facts that they ha established. The Ex 
aminers would avoid the use of all but the sim 
plest mathematics, e.g., any numerical example 
which might be set would involve round num 
bers only Similarly reasoning should be ex 
pected in Engl h and not in mathe utical f 


mul 


The following is a sugge 


labus: 


ed outline syl 


(a) An elementary knowledge based on obser 
vation and experiment of the fundamental 
properties of solids, liquids and gases, and 
possibly of the fundamental characteristics 
of machines 

(b) Qualitative and simple quantitative work in 
Heat, culminating in its recognition as a 
form of energy. Practical work should em- 
ploy no more elaborate 
wei 


instruments for 
ling than spring balances. 





(c) Simple work in Light with experiments 
(preferably those which involve direct ob- 
servation of a beam of light and real im 


ages) to illustrate 
its various 


its physical nature and 
applications. This topic might 
culminate in the spectrum and its use in 


other branches of science 


(d) The chief phe not na of current elec tri ity, 
namely. the mag , heating and chemical 
effects, togeth with electro-magnetic in 





duction, with their chief application to do 
mestic and industrial purposes. 
(e) The chemistry of air, 
fuels, acids, gases a 
(f 


water, 
nd salts. 
The characteristics of living organisms both 
plant and animal, illustrating the correlation 
of structure and function and the effect of 
nent by reference to specific types 


combustion, 


~ 


eny ironr 


The time ted for = syllabus is 
the equivalent of fout ; of forty-five 
minutes each a week for eae years, or one 
eighth of the total time 


sugg' 


pe riod 
of the curriculum. 
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INDIVIDUALIZED INSTRUCTION FOR SUPERIOR 
STUDENTS IN INTRODUCTORY COLLEGE 
PHYSICS 


J. R. GerBericH AND W. M. Roserps 


University of Arkansas 


It is only within the past few decades that 
the development of the superior student has 
been recognized as an important educational 
problem. Early emphasis was placed pon 
the problems of the inferior or deficient stu- 
dent. More recently educators have come to 
realize that superior students have greater 
potential usefulness to society and that, 
therefore, educational institutions should be 
more concerned with the development of 
their marked capacities than has been true 
in the past. The study here reported is an 
attempt to determine the efficiency of rather 
highly individualized instruction for supe- 
rior students in an introductory course in 
college physics. 

Two methods have currently been used in 
attempts to make the educational process 
more effective. The first, individualization 
of instruction, has been at least partially ac- 
complished through “honors” courses, vary- 
ing rates of progress, differential assign- 
ments, and the like. The second, ability 
grouping or homogeneous grouping, has 
been rather widely applied in sectioning of 
classes. Neither method has proved unqual- 
ifiedly successful. High or prohibitive in- 
structional costs have characterized many 
attempts at individualized instruction. The 
value of homogeneous grouping may still be 
considered a controversial matter, due in 
considerable degree to difficulties encoun- 
tered in obtaining true homogeneous groups 
and in the problems of measuring some of 
the more complex and intangible outcomes 
of instruction. 

Curtis? points out three stages of investi- 
gation in the teaching of science, his classifi- 
cation being based upon “the general aim or 
purpose served by the separate investiga- 
tions.” These are the stage of application 
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to general problems of teaching method, the 
stage of application to more specific prob- 
lems of teaching method, and the stage of 
individualized instruction or the determina- 
tion of procedures and methods to insure 
“each individual pupil the maximum at- 
tainment of a specific objective.” He com- 
ments upon this third stage as the ultimate 
goal in the teaching of science and suggests 
the need for research in this field. 

Individualization of instruction may be 
classified into two types, with particular ref- 
erence to science instruction : (1) an individ- 
ual method, used primarily in the laboratory, 
in which the students individually and at 
varying rates of progress perform a set 
group of experiments, and (2) a more 
highly individualized method, more nearly 
comparable to “honors” work, in which each 
student, under the guidance of the instruc- 
tor, conducts experiments of a more special- 
ized nature in the field or fields of his great- 
est interest. Under the latter plan, it is, of 
course, necessary for the instructor to re- 
strict the pursuit of special student interests 
so that adequate mastery of the subject-mat- 
ter of the course is not impaired. It is with 
this second type of individualization that the 
experiment here reported deals. 


Among those who have compared the first 


type of individualized instruction with other 
methods of science teaching are Hunter,” 
Cooprider, Kiebler and Woody,* and 
Hurd.§ Although such investigations have 
shown only slight superiority at the best for 
the individualized method, Hurd suggests 
that the results may, at least in part, be due to 
the failure of most criteria of final achieve- 
ment to measure the types of outcomes re- 
sulting from the individualized method. 
Among the comparatively few published 
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at the college level are those of Colton,® 
studies of individualized science instruction 
Hurd,’ and Whetzel.* Colton, comparing 
two groups of pre-medical students taking 
intensive laboratory work with two similar 
groups having extensive work in the labora- 
tory, found that no significant differences in 
achievement were evident from the results 
of a comprehensive final examination. 
Whetzel reports a more highly individual- 
ized method in elementary plant pathology 
at the college level. Of the fifteen labora- 
tory experiments required of each student, 
only three were definitely prescribed. The 
student was allowed to select the remaining 
twelve, one each to be chosen from twelve 
subject-matter divisions of the course. The 
instructors held conferences with each stu- 
dent after the completion of each experi- 
ment. At these conferences the student was 
questioned concerning his mastery of the ex- 
periment, command of facts, and ability to 
apply the facts to the solution of related 
problems. Through various methods, re- 
sponsibility for the work of the course was 
placed squarely upon the student, in contrast 


.with the usual method of having it borne 


largely by the instructor. 

While Whetzel made no attempt at ob- 
jective evaluation of instructional efficiency 
under this method, his discussion stressed 
the opportunity and requirement for appli- 
cation of what was learned by each student. 
He concluded his report by the following 
statement: “And, finally, what is most im- 
portant of all, the student has, at least, fif- 
teen adequate opportunities during the term 
to exercise his mind with facts in the all im- 
portant educational process of solving prob- 
lems, arriving at conclusions, and making 
judgments on things in which he is presum- 
ably interested.” 

The investigation here reported was con- 
ducted with students from three sections of 
the introductory course in general college 
physics at the University of Arkansas dur- 
ing 1931-1932. Six students were selected 
for individualized instruction from the sev- 
enty-two students enrolled in the three sec- 
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tions of the course. Their selection, early 
in the first semester, was made after consid- 
eration of several factors. Ameng them 
were the scores made on aptitude and 
achievement tests given soon after the start 
of the first semester, the instructor’s ob- 
servation of the students during the first 
four weeks of the semester, the students’ in- 
terest in the subject, their attitude toward 
the subject, and other somewhat subjective 
factors of similar nature. 

The regular classes in physics received 
five clock-hours of instruction per week and 
obtained four units of credit. Three lec- 
ture-recitation periods and one two-hour 
laboratory period week’s 
schedule. The lecture-recitation periods 
consisted of demonstrations accompanied by 
lectures, together with some class discussion. 
The laboratory periods required the per- 
formance of a certain number of experi- 
ments in small groups and the preparation 
of individual laboratory notes in which the 
experiments were fully reported. 

In contrast with the regular classes, the 
special group of six students received only 
three clock-hours of instruction per week 
and was scheduled entirely apart from the 
regular sections of the course. The first 
meeting of each week was a two-hour ses- 
sion during which the instructor lectured 
and gave demonstrations covering the sub- 
ject-matter which would normally be cov- 
ered in a week by the regular classes. The 
students grouped themselves about the lec- 
ture apparatus and actually performed most 
of the demonstrations themselves with the 
guidance of the instructor. Among these 
lecture experiments was always at least one 
of the experiments performed in the labora- 
tory by the regular classes. The special 
group met again for a one-hour period later 
in the week for a general quiz session. At 
this meeting the students and instructor 
worked problems together and discussed any 
part of the week’s work which had not been 
made clear. The data for some of the prob- 
lems were taken from the results of the 
demonstrations earlier in the week. 


comprised a 
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The text used for the special group was 
somewhat more advanced than that used by 
the regular classes. In particular, it covered 
a greater amount of subject-matter and pre- 
sented more general methods which were 
necessarily also more difficult. 

It will be noted that the procedure used 
with the special group did not allow the stu- 
dent much initiative in the manipulation of 
apparatus or in the writing up of reports. 
Therefore, opportunity was given for these 
developments near the end of each semester 
of the year. The course material was com- 
pleted three weeks before the end of the se- 
mester in both the special and regular 
classes. The remaining time was used for 
review in the regular classes, but in the spe- 
cial section each student was assigned a spe- 
cial problem in the nature of a research proj- 
ect. The projects were so selected that they 
required a rather comprehensive knowledge 
of the year’s work, familiarity with the ap- 
paratus used, ability to select a feasible 
method with the help of reference books, 
and preparation of a report based on the 
findings. 

Two factors in the nature of the experi- 
ment made objective determination of re- 
sults difficult. First, the small number of 
experimental students limited the applica- 
tion of the usual techniques for the evalua- 
tion of outcomes from a controlled group 
experiment. Second, the presence of several 
variable factors—total instructional time, 
instructional method, text-books, subject- 
matter dealt with, and others of relatively 
minor importance—further restricted the 
use of a controlled group technique, because 
of the usual requirement that there be but 
one variable in this type of investigation. 
For these reasons, two methods have been 
used to obtain as objective measures of final 
achievement as seemed possible under the 
circumstances. These methods are: (1) 
comparison of the experimental students 
with control students as nearly similar in 
preparation and aptitude as could be ob- 
tained, and (2) case studies of the experi- 
mental students. 
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Objective tests of aptitude and achieve- 
ment, constructed by the authors, were given 
near the start of the first semester, and the 
achievement test was given again at its close. 
A second achievement test, also constructed 
by the authors, was used for the second 
semester of the experiment. The reliability 
or consistency of these examinations was 
wholly satisfactory, as evidenced by “chance- 
half” reliability coefficients of .93, .81, and 
.92 for the aptitude examination, first 
semester achievement test, and second 
semester achievement test respectively. 

A composite score on the aptitude and 
achievement tests used at the beginning of 
the experiment was obtained for each stu- 
dent. The correlation coefficient of .53 be- 
tween these composite scores and scores on 
the final achievement examination given at 
the end of the first semester is sufficiently 
high to warrant the use of the composite 
score for matching purposes. The correla- 
tion coefficient of .63 between scores on the 
initial and final achievement tests for the 
second semester shows a somewhat higher 
degree of relationship between the initial 
measure and the criterion of achievement 
than for the first semester. As these co- 
efficients were based only on the nineteen 
rather superior individuals who took both 
the initial aptitude and achievement tests, it 
is probable that the relationships would have 
been closer with a less highly selected group. 

Each of the six students of the experimen- 
tal group was matched as closely as possible 
with one or more control students for each 
semester. The matching bases used were 
the composite score for the first semester 
and the score on the initial achievement test 
for the second semester. Two measures of 
final status were employed: scores on the 
achievement tests given as part of the final 
semester examination for each semester, 
and average grade points* for each semester 
of the course. Table I shows the status of 
the experimental and control groups for 
both semesters of the experiment. 


* A weighted average based on the following 
weightings: A-6, B-4, C-2, D-o, E-1, and F-z. 
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The mean scores of 145.67 and 143.17 for 
the experimental and control groups respec- 
tively on the first semester composite score 
are sufficiently close to equivalence for 
matching purposes. The second semester 
mean scores of 63.67 and 62.63 for the initial 
achievement test show similar equation of 
scores on the matching factor. 
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group indicate a drop in scholastic standing 
during the second semester. 

The above findings, based on measure- 
ment of 
course, do not take into consideration any 
possible enrichment or additional informa- 
tional outcomes accruing to the experimental 
instructional method. No objective attempt 


informational outcomes of the 


TABLE | 
INITIAL AND FINAL STATUS OF THE EXPERIMENTAL AND CONTROL Groups FOR BoTH SEMESTERS OF THE 
EXPERIMENT 























First Semester Second Semester 
Measure Experimental " Control ‘Baperimental y ‘Control ; 
cr ‘Mews No. Mean No. ‘ieee No. ‘ Mem 
Initial matching: factor* ....| 6 | 14567 | 7 | 14317 | 6 | 6367 | 13 | 62.63 
Final achievement test 6 85.33 7 82.67 6 82.17 | 13 | 83.87 
Semester grade point ....... 6 4.17 7 3.00 6 3.83 | 13 | 4.29 





* Composite score for first semester; achievement test score for second semester. 
, 


The final achievement test given at the 
close of each semester was used as one final 
criterion. The semester mean scores of 
85.33 and 82.67 for the experimental and 
control groups respectively show a slight and 
probably insignificant superiority for the ex- 
perimental group on what may be considered 
a test of the minimum essentials of the 
semester’s work. The average grade points 
of 4.17 and 3.00 for the experimental and 
control groups respectively show that the in- 
structor considered the first semester 
achievement of the experimental students te 
surpass that of the control students. 

For the second semester, mean scores of 
82.17 and 83.87 for the experimental and 
groups respectively on the final achievement 
test show a slight but again unreliable su- 
periority of one group over the other, in this 
case favoring the control students. The 
average grade points of 3.83 and 4.29 for the 
same groups show a scholastic superiority 
for the control students, as indicated by final 
semester marks. The average grade points 
of 4.17 and 3.83 for the first and second 
semester scholarship of the experimental 


to measure such outcomes seemed feasible; 
therefore evidence of a general nature is 
given below in terms of the instructor’s ob- 
servation of the six experimental students. 
Certain factors in the background and 
preparation of each experimental student are 
also presented. 


A made the highest grade on the aptitude 
test. His high-school physics was taken in a 
small town and he had had no special training 
along scientific lines. From the first he evi- 
denced a marked interest in physics by his in- 
telligent questions and class recitations. He 
had evidently read considerably on scientific 
topics. However, he was the “loafer” type. 
He gave his closest attention during demon- 
strations or spectacular discussion, but found 
it extremely difficult to attend closely for the 
routine working of problems. He displayed 
the same attitude toward his assignments. 
Seemingly he never studied or prepared until 
the last possible minute before an assignment 
was due. However, his high intelligence and 
aptitude for physics enabled him to concen- 
trate for a few hours before an examination 
and, although he had missed much of the class 
work, to make a high mark on the examination. 
Rather than proving stimulating to A, the 


method of instruction merely afforded greater 
time for leisure. 

B received his high-school physics in a well 
equipped city high school and, in addition to 
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his regular work, read ravenously all the pop- 
ular scientific material he could obtain. He 
had belonged to a science club which numbers 
among its members professors in the state 
medical school. He ranked a close second on 
the aptitude test, but was undoubtedly better 
suited to the work than A. B did much inde- 
pendent thinking and perhaps pursued this trait to 
the detriment of his grades. The class was graded 
on the mastery of fundamental concepts, but, 
rather than mastering these completely, ? tended 
to follow some particular problem or line of 
thought of his own. Although he usually reached 
some valuable conclusion in such excursions, 
these took his time from the fundamentals of 
other phases of the subject. For his special prob- 
lem B chose to grind a telescope mirror. When 
completed, this work was certified as being of pro- 
fessional grade. He also worked with C in devel- 
oping a simple method of transmitting speech by 
means of a beam of light. B, as a junior, is tak- 
ing honors work on a physics major. His subse- 
quent experimental work in physics has all been 
of graduate quality. 

C was slightly older than the others and was 
classified as a junior. He received his high-school 
work in a small city. He possessed a marked ad- 
vantage in that he had been interested in radio for 
several years and was a licensed amateur operator 
with a good knowledge of the fundamentals of 
electricity. However, before selection he did not 
show an exceptional ability in his class work. 
His aptitude score was the third highest among 
the experimental students. He seemed to profit 
by the individualized instruction and his work 
showed steady improvement to the end. For the 
last semester he received the highest grade in the 
class. C also suggested his own problem—that of 
the transmission of speech and music by a modu- 
lated light beam. While this has been accom- 
plished before, the working out of the problem 
was certainly of graduate standard. C has since 
continued his radio engineering work and has, as 
a result of his research, written for publication 
an undergraduate thesis on amplification of radio 
circuits. 

D attended high school in a small town, but did 
not have high-school physics. However, he was 
of high intelligence and was a serious minded stu- 
dent. His aptitude was next to the lowest of the 
experimental students. D did very good work 
throughout the year, although his lack of experi- 
ence may have handicapped him slightly. A\l- 
though he was not greatly aided by the special in- 
struction, it is certain that he did at least as well 
as he would have done in the regular classes. 

E received high-school physics in a small city. 
He was considerably above the average in intelli- 
gence and was a willing worker. He ranked low- 
est of the experimental students on the aptitude 
test. He was keenly interested in other phases of 
his campus life, being an active fraternity man 
and being placed on the first team of the fresh- 
man football squad. He undoubtedly gained by 
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being a member of the special class, but he was 
not the type for which it was designed. 

F had no high-school physics, nor did he have 
exceptional ability in physics. His aptitude score 
was one point higher than that made by E. Al- 
though his year’s work was not up to the level at- 
tained by most of the experimental group, this 
was perhaps due, in part, to his lack of high-school 
training in physics. However, he progressed very 
well, although the pace set by the rest of the class 
was somewhat too fast for him. 

It is interesting to note that the one upper 
class student and four of the five freshman 
students of the experimental group are still 
in school at the date of preparation of this 


eport—December, 1933. 


SUMMARY AND CONCLUSIONS 


In order to establish the efficiency of the 
individualized instruction, even without con- 
sideration of the greater cost per student 
under this plan, two outcomes would be nec- 
essary : 

1. The experimental students should at- 
tain scores on the final examinations over 
fundamentals of the course at least equal to 
those attained by control students, and se- 
mester marks at least as high as the control 
students. 

2. The experimental students should give 
significant evidence of having obtained en- 
richment of some nature or other types of 
desirable outcomes not obtained by the con- 
trol students. 


It was seen above that the experimental 
students surpassed the control students by 
slight but probably unreliable margins on 
the first semester objective examination on 
the fundamentals of the course and on se- 
mester grades. However, for the second 
semester, the control students surpassed the 
experimental students by a slight but again 
probably unreliable margin on both the ob- 
jective final examination and semester 
grades. The case studies of the experimen- 
tal students show that at least two of the 
students did obtain enrichment of a signifi- 
cant type, but that the remaining four stu- 
dents apparently obtained no enrichment of 
such a nature as to be measured by any of the 
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examinations or to be observed by the in- 
structor. 

Several desirable outcomes seem to the 
authors to have resulted from this method 
of individualizing instruction for the supe- 
rior student. First, the students were given 
much more opportunity than is true in the 
regular sections for the development of in- 
itiative and independence. Second, much 
more subject-matter and subject-matter of 
greater difficulty was covered without sacri- 
ficing mastery of the fundamentals. Third, 
time was saved for the student. To counter- 
balance these advantages to a greater or less 
extent are the greater instructional costs of 
the individualized method and the failure 
of some experimental students to profit 
materially from the experimental method of 
teaching. 

The opinion of.the authors is that work of 
highly individualized nature is justified only 
for students of the very highest abilities, 
such as B and C above, and that the number 
of such students in a given class is very small 
indeed. Most of the superior students will 
probably progress nearly as well in the regu- 
lar classes, where the cost of instruction per 
pupil is much lower. Another important 
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conclusion is that superior students may not, 
in general, be stimulated to exceptional work 
by such instruction. 
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DEMONSTRATION LESSONS IN BIOLOGY 
CHARLES A, GRAMET 
Chairman, Biology and General Science, John Adams High School, New York City 


A greatly increased body of knowledge, 
almost universal education resulting in 
“mass education,” improved materials of in- 
struction, the need for economy—all these 
compel thought on methods of instruction as 
well as on the content of syllabi. New prob- 
lems require either modification and revision 
of methods or the development of new ones. 
Much of the difficulty in teaching may be the 
result of trying to force the greatly enlarged 
body of knowledge into the old suit. It 
doesn’t seem to fit. Shall we alter it or cut a 
new suit? 

In the teaching of biology in the high 
schools, the laboratory method has been re- 
garded as the indispensable and best expres- 


sion of our methodology. Of the sterility 
of many of the “laboratory exercises” I shall 
not here make note. Those of us who used 
them will see them depart with little regret. 
The intellectual excitement and curiosity 
provoked by others should be retained and 
developed. In any modification of method- 
ology or revision of syllabi every effort 
should be made to retain material that will 
foster and perpetuate those periods of ex- 
ploration, observation and investigation that 
have stirred in many pupils a thirst for bio- 
logical knowledge, given them an insight into 
investigation, and developed an appreciation 
of the spirit of science. The best features of 
the laboratory method must be retained. 
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Some of our best teachers have, appar- 
ently, failed to grasp the meaning and sig- 
nificance of the demonstration method and 
its application to the teaching of biology. A 
committee of outstanding teachers very re- 
cently made this statement: “Observing 
demonstrations in the planning of which the 
pupils take no part frequently results in mere 
entertainment for the pupil.” The implica- 
tion is very obviously made that only pupil- 
planned demonstrations “offer opportunities 
for scientific experiences.” 

Again, two excellent teachers recently 
gave model lessons of the “demonstration” 
type before a large group of teachers. In 
the opinion of this writer, neither lesson was 
a “demonstration” type lesson. Without 
discussing the merits of the lessons in other 
respects, one fact seemed clear—neither of 
these two alert young teachers seemed famil- 
iar with the meaning and technique of the 
demonstration lesson. 

What constitutes a demonstration iesson ? 
According to the standard dictionary a dem- 
onstration is “proof by such evidence of 
facts, principles, and acknowledgments as 
precludes denial or reasonable doubt.” Such 
was the demonstration of Pasteur when he 
convinced skeptics that anthrax was trans- 
missible and preventable. Again the dic- 
tionary says, “it is the exhibition and de- 
scription of examples in teaching an art or 
science.” Both of these definitions apply to 
the type of demonstration that we may and 
should use in the teaching of biology. 
Should not such demonstrations constitute 
an integral part of our methodology ? 

There are some who regard the laboratory 
method as the “sine qua non” of science 
teaching. Granting for the moment that 
each laboratory period would be a profitable 
one, is the original premise correct? This 
seems to hearken back to an old concept— 
that we must each learn and acquire our ex- 
periences originally, ignoring progress and 
development in methods of learning. There 
has developed too large a body of essential 
information for this thesis to be tenable. 

Along with this veneration of the labora- 
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tory method is the assumption that we do not 
teach for the acquisition of facts and that a 
test which is based primarily upon the ac- 
quisition of facts is not a valid test of science 
teaching. In extreme cases mere factual 
knowledge is even condemned. Isn’t a large 
body of facts essential for scientific induc- 
tion and deduction? And isn’t it one of the 
essential aims of the laboratory method of 
study to teach pupils how to acquire facts? 
The end results of science teaching should 
be: the acquisition of essential biological in- 
formation (facts) ; the method of acquiring 
such facts independently ; the ability to use 
these facts in the solution of problems which 
may confront the pupils in later life. 

Who shall give the demonstrations? 
Some feel that it is essential that pupils plan 
them or at least participate in planning them. 
Others stress the importance of pupil par- 
ticipation in giving them. Both of these may 
enhance the effectiveness of the demonstra- 
tion. Pupil participation during a demon- 
stration is altogether essential. To some 
teachers this participation is physical or 
manual. Have you ever watched a good 
demonstration, watched its careful unfold- 
ing, been kept in suspense as it developed, 
been completely absorbed and fully atten- 
tive, made conjuctures as to the outcome, 
deduced the principle at the end or been 
aroused to speculation as to the cause or 
principle? Such psychic participation is the 
goal to be sought in our classroom demon- 
strations. A pupil may develop such an one 
as a special project or the teacher may give 
it; in either case the class participates if the 
demonstration has been properly planned 
and well executed. 

How do we learn in real life? We read, 
and when we have learned to discriminate 
and evaluate, much of our effective learning 
is acquired in this way. Sometimes we try 
an experiment and if we have sufficient 
knowledge and experience upon which to 
base our experimentation, we may Jearn in 
this way. How often, however, do we go 
to masters for demonstrations, to learn 
quickly and correctly, to receive suggestions 
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for solving problems, to carry us over an 
impasse in our work or learning, to derive 
inspiration for further study? This applies 
to the greatest as well as to the lowliest. 
Even Einstein sits at demonstrations to get 
information more readily and precisely than 
he could acquire it by experimentation. Gal- 
ileo, Vesalius, Harvey, Pasteur, Tyndall, 
and the host of lesser lights taught by dem- 
onstration and how many scientists have 
learned and been inspired thereby ? 

There has accumulated a considerable 
number of experiments testing the relative 
effectiveness of various methods of instruc- 
tion in science. The validity of many of 
them is questioned and probably justifiably 
so. However, we cannot, as scientists, dis- 
count them completely but should examine 
the methods and results and glean from them 
such truths as we may. Let us examine a 
particular study made by Stathers He 
compared demonstrations with a micro-pro- 
jector and individual laboratory work with 
the same material, using individual micro- 
scopes. The material used was descriptive 
and the tests were factual. In this experi- 
ment, the investigator reports a superiority 
of 19 per cent in learning for the demonstra 
tion method and a saving in time of 50-70 
per cent in favor of it. The ex: erimenis 
were controlled and apparently valid for the 
material and type of learning inv«ived. 

In 1932, Stuit and Engelia nace 2 
critical summary of the research 
ture-demonstration versus the 
laboratory method of teaching 11 
chemistry. An analysis is made 
ber of experiments widely quote'. Tic 
general conclusions of these authors ;..- 4 
upon evaluation of the reported researcii is, 
in the main, this: 


ie lec- 


1. No method can be considered to be the best 
in every case. The objectives, the preferences 
of the teacher, the nature of the pupil, and the 
facilities of the school will largely determine 
which method should be used. 

2. In schools where money and space are not 
plentiful, the lecture-demonstration method 
seems to be most practical. 

3. The problem of the relative merits of the 
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lecture-demonstration and the individual-labora- 
tory method still seems to be unsolved. 


In the light of such evidence as has been 
developed should we not be reluctant 
to accept statements such as the one 
quoted from the report: “This type of 
laboratory work (non-pupil-planned dem- 
onstrations) we wish to get away from.” 

An objection has been made that the pres- 
ent tests were based upon fact retention 
and, therefore, cannot be regarded as valid 
in comparing the relative values of the two 
methods. In any method fact retention is 
an objective. Let the critics of the demon- 
stration method defer judgment until a test 
has been developed that will test power, 
thought and reasoning. 

Teachers of physical science have de- 
veloped a large number of interesting, in- 
structive and striking demonstrations. In 
biology we have failed to do so. Why? 
Our science has been largely descriptive. 
For this type of work charts and models 
are quite adequate and laboratory exercises 
involving observation and drawing satis- 
factory. Today we are, to a large extent, 
influenced by this period of biological in- 
struction. Experimental biology is a more 
recent dévelopment and certain phases of it 
have permeated even elementary biology. 
Have we prepared to teach it? We need to 
improve our laboratory methodology. We 
must develop almost “de novo” our dem- 
onstration technique. 

What are the characteristics of a good 
demonstration? Those listed here are given 
to provoke thought and discussion on the 
subject: (1) it should clearly and obviously 
ilustrate or prove the point; (2) it should 
be clearly visible to everyone in the room; 
(4) it should be interesting; (4) it should 
provoke thought and discussion; (5) it 
should suggest related experiments and give 
the technique of performing them, the tech- 
nique should be exemplary; (6) it should 
lead the pupils to make accurate deduc- 
tions or inferences; (7) it should inspire 
pupils to emulation ; (8) it should carry the 
pupils on to the next step in the process. 
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This discussion should properly include 
many illustrations of biological demonstra- 
tions. There is need for reports describing 
this aspect of the demonstration problem in 
biology. We shall cite a few. 

The micro-projector has previously been 
mentioned. This apparatus makes possible 
a large number of demonstrations which, in 
the experience of the writer, are superior to 
individual laboratory exercises on the same 
topics. It is possible to demonstrate activ- 
ities of protozoa much more satisfactorily ; 
tissue structure, mitotic division, capillary 
circulation, and many others are demon- 
strated far more satisfactorily than by the 
use of individual microscopes. 

A demonstration planned to show the 
work of the heart may be of some interest. 
Three points are to be emphasized: the heart 
is a pump, the heart does work, and blood 
flow results from the work of the heart. To 
demonstrate the first and last items a motion 
picture was planned and made that was de- 
signed to teach these facts to high-school 
pupils. We believe it does so better than do 
the commercial films that are available. It 
includes pictures of a single chambered 
heart, a turtle heart, an animated diagram 
of a four-chambered heart, micro-photo- 
graphs of circulating blood, and pictures to 
show how the condition of the heart is de- 
termined. 

The second part of this demonstration in- 
cludes two experiments. In the first a frog 
is pithed, the heart is exposed, and a lever 
is attached to it by means of a bent pin and 
a string, so that with each contraction of the 
still pulsating heart the lever is moved 
through an arc of several inches. This 
motion is magnified by projecting the lever 
witli a lantern slide projector. By adding 
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very fine weights the actual work done by the 
heart with each contraction can be com- 
puted. In the second experiment a large 
manometer tube containing mercury is con- 
structed. To this tube is attached the bag 
of a sphynomanometer. It is wrapped 
around the arm of a boy and the usual 
method of taking the blood pressure used. 
The work of the heart, in supporting the 
column of mercury, is illustrated here by 
showing the arterial pressure. This tube 
may also be projected, if the room is rather 
large. 

It may be objected that these are rather 
elaborate demonstrations. Perhaps this is 
true; they are cited for that reason. It is 
effective teaching. Where they are once de- 
veloped they are readily repeated. 

As teachers of science we should be re- 
ceptive to improved methods of teaching. 
We should examine critically but sym- 
pathetically suggestions for improving our 
methods. We should reserve judgment of 
new methods until they have been adequately 
tested. We should be interested to experi- 
ment with such new methods as seem likely 
to contribute to the improved teaching of our 
subject. A very fruitful field of research 
is the practical one of studying and devel- 
oping good laboratory and demonstration 
lessons that will meet the criteria of good 
science teaching. 
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THE WORK-SHEET FOR HIGH-SCHOOL PHYSICS 


CHARLES A. BROWNING 
Knoxville High School, Knoxville, Tennessee 


This article summarizes an investigation 
in the teaching of high-school physics, con- 
ducted by the writer in an attempt to dis- 
cover the value of a work-sheet as a means 
of instruction. The investigation of which 
this article is a summary has been reported 
in full in a master’s thesis in The University 
of Chicago under the title of ““A Comparison 
of Two Methods of Teaching Physics.” 
The investigation was conducted in the 
Knoxville High School, in 1932. Two 
classes of thirty each were chosen for the 
study. The two classes were comparable as 
to 1.0., age, sex, previous science training, 
mathematical ability and reading ability. 
One class was taught by the ordinary assign- 
ment, recitation-the-next-day method, ac- 
companied by lecture-demonstrations and 
student laboratory experiments. This class 
was denominated the control class. The 
other class was taught by the use of the Hurd 
Work-Sheets' and denominated the 
experimental class. 


was 


THE CONTROL CLASS PROCEDURE 


In the control class assignments were 
made day by day in the text. These assign- 
ments were prepared out of the class and 
recited upon the next day. In conducting 
the control class the instructor adhered to 
the following general classroom procedure: 
He made the assignment for the next day at 
the opening of each class period. He then 
proceeded to ask well selected questions de- 
signed to bring out the principles involved 
in the day’s assignment. Frequent use was 
made of the board by the teacher in explain- 
ing principles under consideration. After a 
period of explanation he asked more ques- 
tions designed to learn whether the teaching 
had registered with at least a part of the 
class. If not, he repeated the explanation. 

On some days, pupils, one or two at a 
time, were sent to the board to solve prob- 


lems. The teacher then used these prob- 
lems as examples by which to make clear 
the principles involved to all members of the 
class. Some problems of like nature were 
solved orally by pupils. 

Shortly before the close of each recitation 
period, the teacher summarized the day’s 
work and attempted to clear up any points 
which seemed yet vague in the minds of 
some of the pupils. 

In the control class the sixty minute class 
period was divided into two parts, forty min- 
utes for assignment, recitation, and sum- 
mary, and twenty minutes for study. Dur- 
ing this study period the pupils had access 
to the various texts which were in the room, 
thus making it possible for them to have 
equal opportunity with the experimental 
class to obtain 
books. 
tempt was made on the part of the instructor 


information from other 


During this twenty minutes no at- 
to teach, nor to assist pupils in their work. 


THE EXPERIMENTAL CLASS PROCEDURE 

In the experimental class one assignment 
was made at the beginning of each unit. 
There was no reciting, but instead, the pupils 
spent the entire period, with the exception 
of a six minute summary, in reading the 
various texts and in solving the exercises 
in the work-book which were focused on the 
understandings of the units. While the 
pupils were working, the instructor moved 
around in the room answering individual 
questions and giving individual instruction. 
Each pupil worked independently. There 
was no talking in the class except in under- 
tones between the instructor and individual 
pupils, thus creating an atmosphere which 
was favorable to study. By virtue of this 
procedure the pupils came to look upon books 
and the laboratory as a source of informa- 
tion, with the teacher acting as a guide to 
point the way. 
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DIFFERENCE IN PROCEDURE OF THE CLASSES 

There was, therefore, only one variable, 
namely, that the control class recited and 
received group instruction for approxi- 
mately forty minutes out of the hour period, 
while the experimental class, during an equal 
portion of the period, solved the work-book 
exercises and received individual instruc- 
tion. Every care was exercised to maintain 
all conditions exactly the same in the two 
classes except for this one variable. 


METHOD OF INSTRUCTION 

The method of instruction in the two 
classes was similar in the following respects : 

1. Introduction of unit.—Following a 
pre-test, which will be described later, the 
instructor read an introductory statement 
of the unit, and spent most of the first period 
discussing and giving a preview of the unit. 
He then explained to the pupils what was 
expected of them, listing the various activ- 
ities into which the class should enter. 

2. Books and references—An ample 
number of texts on high-school physics by 
leading authors was placed on a table in the 
center of the room within easy access of all. 
(Each student owned and controlled a text 
by Millikan and Gale.) These reference 
books were looked upon and used as a source 
of information. 

3. Experiments—The same laboratory 
and lecture experiments were used in both 
classes. 

4. Teacher.—Both classes were taught by 
the same teacher. 

5. Summary of each day’s work.—Six 
minutes before the end of the hour period, 
except on laboratory days, the instructor 
summarized the day’s work, explaining any 
points which the students had not been able 
to fully understand. 

6. Work done outside of class—Each 
pupil kept account of the time spent in study 
outside of class. At the end of the investi- 
gation this proved to be the same for both 
classes, per pupil, per day. Work-sheets 
were not removed from the room. 

7. Testing—Each class was given the 
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same objective tests.* These tests were 
those devised to go with the work-sheets. 
The same tests were used for both pre-test 
and final test, and were scored by a Key in 
both cases. 

9. Projects—Some of the more able 
pupils gave evidence of having mastered the 
principles involved before others. These 
were permitted to select projects for them- 
selves from a suggested list appropriate to 
the unit. These, they worked upon outside 
of class, and in a few cases, just as in the 
experimental class, during the class period, 
on the last day or two of study of the unit. 

10. Time.—The number of days spent on 
a given unit was always exactly the same for 
each class. The difference in time required 
for pupils of the same class to complete the 
units was in no case more than three days 
per unit. The total time required for the 
completion of each unit was estimated be- 
forehand, and, as rule, was very near to the 
time actually required to complete the unit. 


SUBJECT-MATTER 


The units chosen for the investigation 
were those which ordinarily constitute the 
core of the first semester given in high- 
school physics. The following list of unit 
titles serves to indicate the general field of 
the subject-matter. 

Unit I. The Hydrometer as a Measuring 
Device. 

Unit II. Applications of Principles of 
Liquid and Gas Pressure in Water and Gas 
Supply Systems. 

Unit III. Applications of the Principles 
of Fluid Pressure in Water and Air Craft. 

Unit IV. Refrigeration and Other Ap- 
plications of Heat and Energy. 


Unit V. Machines and their Value. 
Unit VI. Some Simple Manifestations 
of Gravity. 


TESTS 
The same objective tests (those accom- 
panying the Hurd work-sheets) , which were 
to be used as final unit tests after instruction, 
were given as pre-tests to both the control 
and experimental groups. 
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These tests were scored by the instructor 
but not marked in any way. After all in- 
struction on the unit had been given, these 
tests were again taken by the pupils. It 
should be clearly understood that the tests 
were not of such a nature that the questions 
could be copied or remembered by the pupils 
until the time of the final test. 


DISCLOSURES OF THE TESTS 


In order that the reader may have an idea 
of how results of the tests were evaluated, 
the treatment of a single set of test results 
will be discussed. The data in Table I in- 
dicates that the pupils in class E made a 
mean score of 28.0 + 1.67 while those in 
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was found to be 9.4. Therefore, 9.4 is 2.13 
€a units above zero. Referring to Table 
XIX, Statistics for Teachers by Tiegs and 
Crawford, it is found that the true difference 
of mean is above zero by a chance ratio of 
sixty-two to one. These data furnish evi- 
dence of the fact that class E pupils achieved 
a slightly greater degree of success in the 
six units taught than did the pupils of class 
C. 

Probably a more dependable criteria for 
comparing the two classes is the difference 
of the sums of the mean net scores for the 
six units as shown in Table II. This differ- 
ence was six score points, the standard error 
of the difference being 3.81. Therefore, the 


Tas_e I 
SuMMARY TABLE FINAL Unit Test Scores 























. Class E | Class C 
Unit —— — 
Med. | Mean et SD. || Med Mean € SD. 

pe ae 26.0 28.0 1.67 9.16 | 235 23.8 128 | 69. 
i 33.6 1.32 78 || 395 39.8 146 | 7.23 
Sic, 25.6 26.7 1.10 6.06 27.37 26.4 089 | 42 
“ SOR 30.1 30.6 15 528 | 318 30.9 102 | 5.58 
- ee 52.5 51.0 151 8.25 | 50.6 50.8 0.94 | 537 
' eae 28.6 28.9 90 608 | 320 30.1 | 111 | 5.92 
F.T....... 56.7 55.3 12.0 58.0 84 | 8.58 « 




















* Class E= Experimental class; Class C= Control class. 


+ Standard error. 


class C made a mean score of 23.8 + 1.28. 
These data indicate that there was a differ- 
ence of 4.2 score points, with a standard 
error of 2.09, in favor of class E. This in- 
dicates that the true difference in the means 
would be two eq units above zero. The 
chances, therefore, are forty-three to one 
that, after the completion of the unit, class 
E was really superior to class C. 


SUMMARY OF TEST SCORES 


In order to summarize the test results, 
the difference of the sums of the means of 
class E and class C for the six units was 
computed. The difference of these sums 


true difference of these means is 1.58 cg units 
above zero. Or, in other words, the chances 
are 16 to 1 that there was real superiority in 
the achievement of class E to class C. The 
difference in the achievement of the two 
classes was small but evidently not entirely 
due to chance. 

Considering the six units, individually, 
and comparing the achievement of the two 
classes, it is evident that, when compared on 
a basis of the final test scores, class E ex- 
celled class C in Unit I and Unit IT; neither 
excelled in Unit III, IV or V; but class C 
excelled in Unit VI. When compared on a 
basis of the net test scores, class E excelled 
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in Units II, III, 1V and V; neither excelled in itself statistically significant, yet in the 
in Unit I ; but class C excelled in Unit VI. original study the author subjected these 


TABLE II 
SUMMARY TABLE FinaL Unit Scores Minus Pre-Test Scores 














Class E | Class C* 

Unit Ee ee _ —_—____—_—}— A 

Med. | Mean et | SD. | Med. | Meo | ¢ | SD. 
t Bye ae 7. oe 1.18 6.48 | “206 | 201 | 1.14 6.24 
II 38.1 36.3 1.10 | 711 | 305 30.4 1.2 6.87 

III 22.0 22.4 | 0.86 | 474 | 240 19.0 0.94 5.18 
IV 27.5 | 26.1 | 1.42 | 7.77 26.9 27.0 0.84 4.68 

V 50.5 489 | 134 | 7.35 | 490 49.0 0.82 4.47 
VI......] 245 | 239 | 1.11 | 5.4 | 28.4 27.1 1.08 5.10 

















* Class E= Experimental class ; Class C= Control class. 
+ Standard error. 


COMPARISON OF THE CLASSES ON THE BASIS’ data to statistical treatment. All of the 12 


OF PAIRED PUPILS conclusions were based upon the results of 

The data in Table III indicates the com- _ this statistical treatment. Where differences 

parative scores of the pupils in the two are called “significant differences,” there 

classes when only the paired pupils were con- was a chance ratio of more than fifteen to 
sidered. While the data in this table is not one that the difference was not due to chance ( 


Tas__e III 


MEAN Fina Puysics Scores oF Pupits, SUPERIOR AND INFERIOR, ParreD AS TO I.Q., MATHEMATICAL 
SKILL AND READING ABILITY 





Pupils Paired as to Pupils Paired as to 


Pupils Paired on Read- 























Unit .Q. Mathematical Skill ing Ability 
Class E* Class C Class E Class C Class E Class C 
ee sic. 22.5 21.43 24.9 23.5 23.85 22.42 
ews 37.25 30.93 38.7 33.6 37.78 32.14 
ae 24.5 21.75 24.2 22.2 24.79 20.57 
28.19 27.25 29.1 26.7 30.07 26.71 
rns 50.75 50.81 52.6 49.8 51.79 48.43 
: ae. 24.44 27.25 24.6 26.4 24.36 26.36 
tb ae ; 58.00 58.21 52.60 60.5 58.36 57.71 
(Inferior I.Q. below 100) 
Dns ie Oe 18.35 18.50 16.62 19.67 18.69 20.37 
) ae 35.29 29.71 35.60 30.22 35.38 28.81 
aS 20.00 20.36 21.06 20.96 20.31 22.25 
te ee 24.14 26.79 25.22 27.00 23.91 27.81 ; 
Me Sa 46.79 47.29 47.50 49.11 46.19 50.31 
ae 23.00 27.21 23.67 27.39 23.69 28.06 
tk a 58.00 53.50 57.83 51.19 60.19 











* Class E= Experimental class ; Class C = Control class. 
+ Final test. 
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but was really significant of the superiority 
of one class to the other. 


SUMMARY OF RESULTS 


The following facts were indicated by the 
tests: 

1. The results of the tests were not uni- 
formly in favor of either the class taught by 
the work-sheet method, or the class taught 
by the recitation method. 

2. When the unit test scores were sum- 
marized, there was found to be a small sig- 
nificant difference in the scores made by the 
two classes in favor of Class E. 

3. On the final test on the six units there 
was no significant difference in score in 
favor of either class. 

4. When the two classes were compared 
on a basis of the sums of the mean net scores, 
Class E was slightly, but significantly su- 
perior to Class C. 

5. When only the pupils paired on the 
basis of I.Q. were considered, there was no 
consistent difference in favor of the pupils 
of either class. 

6. When only the pupils paired on a basis 
of mathematical ability were considered, 
there was a significant difference in favor of 
Class E on Unit II and in favor of Class C 
on Unit VI and the final test. 

7. When pupils paired on the basis of 
reading ability were considered, the pupils 
of Class E made a significantly higher score 
on Unit II than did the pupils of Class C. 
However, Class C pupils excelled on Units 
V and VI and on the final test. The differ- 
ence in scores for Units V and VI was sig- 
nificant in favor of Class C. 

8. The superior pupils, whether deter- 
mined by I.Q. or by comparison of mathe- 
matics grades or reading scores, seemed to 
make consistently better grades when taught 
by the work-sheet method. The pupils of 
low I.Q. and mathematical and reading abil- 
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ity made better grades when taught by the 
recitation method. 

9. Instruction resulted in a greater dis- 
tribution of the pupils, with respect to knowl- 
edge of the units, than existed previously. 


CONCLUSIONS 

1. It seems safe to conclude from data 
obtained in this study that, in so far as the 
tests were valid and the two classes com- 
parable, the work-sheet method of teaching 
high-school physics, as described in this in- 
vestigation, is slightly superior to the recita- 
tion method, when all pupils and all units 
studied are considered. 

2. When judged on the basis of informa- 
tion retained through the semester, there was 
evidence which justified the conclusion that, 
in so far as the test was valid and the classes 
comparable, the pupils of the class taught 
by the recitation method retained knowledge 
slightly better than those of the class taught 
by the work-sheet method. The difference, 
however, in their favor was not a significant 
one. 

3. It seems safe to conclude, on the basis 
of the data obtained, that superior pupils 
may be expected to profit more by the use of 
physics work-sheets, as described in this 
study, than inferior pupils. 

4. It may be concluded from the data that 
pupils of less than normal mental age would 
profit most when taught by the recitation 
method. 

5. In this study the writer taught one class 
exclusively by the recitation method and one 
class exclusively by the use of the Hurd 
work-sheets. It is suggested that it would 
be worth while for some one to undertake an 
investigation in which a combination of the 
two methods is used. 
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A PROJECT IN PHYSICS 


ForEworp By H. Emmett Brown 
Lincoln School of Teachers College, Columbia University, New York City 


The accompanying article is the report 
of an independent piece of work carried on 
by two students in my physics class during 
the academic year, 1932-33. Just how these 
two boys, Leo Rosen and Gordon Wagner, 
became interested in this particular prob- 
lem, I cannot say. True, they had studied 
the “Heat” section of physics. There had 
been, however, no class discussion of the 
problem of boiler design. Neither had their 
attention been directed privately to it. 

The description of the class “set-up” 
which made this investigation possible is as 
follows. In common with most physics 
teachers, the present writer is dissatisfied 
with conventional laboratory procedure, 
and is satisfied that the usual experiment, 
individually performed, largely fails to 
produce desirable educational outcomes. 
However, many of the experiments are of 
value from the point of view of historical 
significance. In my class these are done in 
demonstration form, as a rule. Other ex- 
periments may result in desirable skills, 
knowledge, and appreciation, best attained 
through pupil participation. These are 
done individually or in small groups. In 
any physics class there are likely to be stu- 
dents who, probably through experience 
gained in previous science courses or in 
home experimentation, already understand 
most of what the experiment, individually 
performed, is likely to teach. Consequently, 
a standing instruction in my class is that, 
at any time, a student may substitute an in- 
vestigation of his own devising for the ex- 
periment suggested for the class as a whole. 
In addition, at intervals when the majority 
of the class requests it, a “free” period is 
announced in which experiments may be 
performed, construction projects worked 
upon, or outside reading done. By calling 
attention to the opportunities for such work 
afforded by the equipment of the school, a 
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considerable number of students discover 
problems for independent investigation. 
Some few there usually are who discover 
their own problems. The two boys who 
made this investigation are of that type. 

Throughout the whole study, my only 
contributions were to help them to locate 
material, to furnish them the value of the 
heat content of gas in New York City, and 
now, finally, to proof-read the final report 
of their work, making few changes and 
these of no great note. 

Their problem consisted of two major 
parts. They were: (a) to demonstrate the 
importance of convection currents in water 
heating, and (b) to measure quantitatively 
the increased heating efficiency resulting 
from the use of devices which will produce 
more smoothly moving convection currents. 

It was in connection with the measure- 
ment of the quantities of heat in this sec- 
ond problem that their ingenuity was 
shown. In order to measure the heat pro- 
ducing abilities of the three pieces of ap- 
paratus shown in figures 2, 3, and 4, it is 
necessary to measure the time required for 
each to produce a given amount of steam. 
This is accomplished through the use of the 
burette tube as shown. Furthermore, in 
order that the times may be accurate mea- 
sures of heating efficiencies, it is necessary 
to be sure that the steam produced be under 
the same pressure in all cases. This is ac- 
complished by adjusting the burette tube 
until the water at the 0 cc. mark and the 
water in the heating flask or chimney stand 
at the same level. Using this method it is 
not necessary that the volume of water be 
accurately the same in all three trials. By 
using a small Bunsen burner whose gas 
consumption is constant under the condi- 
tion of the experiment, the final important 
condition, that of a constant heat input, is 
met, and the investigators are sure that the 
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times required to produce 50 cc. of steam 
with the various pieces of apparatus are in- 
deed accurately indicative of the compara- 
tive efficiencies. 

In actually obtaining the efficiency ex- 
pressed in per cent, it is evident that it is 
only necessary to multiply the quotient of 
heat output and heat input by 100. How 
these quantities of heat were calculated is 
shown by the portion of the report headed 
“Sample Calculation of Efficiency.” It is 
evident that, although the calculation of 
heat input was relatively easy (simply the 
amount of gas used by the burner, as read 
from a meter, multiplied by the heat con- 
tent of the gas), the ascertaining of the 
heat value of the 50 cc. of steam (heat out- 
put) was more difficult. To follow through 
this calculation cannot fail to make the 
reader appreciative of the quality of the 
work done by these two boys. 


EVOLUTION OF BOILER DESIGN 
By Leon Rosen and GorDON WAGNER 


In this series of experiments by six con- 
sequent steps the evolution of boiler design 
from the plain boiler to the inclined water- 
tube may be demonstrated and the com- 
parative efficiency of three methods of heat- 
ing determined. 

1. By boiling water in an ordinary 
beaker the interference of convection cur- 
rents and resulting agitation may be shown. 

2. By boiling water in the beaker with 
the interior partition, the reduced agitation 
due to the directed course of the convection 
currents may be shown. (See Figure 1.) 
The interior partition may be made from 
the bottom of a glass chimney by cutting at 
the neck between the long and short parts. 

3. When using the plain flask as a boiler 
(Figure 2), the test should be made as de- 
scribed in the general procedure for 3, 5, 
and 6. That is, the time necessary to make 
50 cc. of steam should be noted. 
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4. By boiling water in a thin tube such 
as a 4-inch test tube the increase in the 
rapidity of the formation of steam may be 
demonstrated. However, in such a tube 
the convection currents are almost com- 
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pletely paralyzed, hence most of the water 
is ejected from the tube. 

5. Now if both the thin tube and the di- 
recting of convection currents are combined 
as in Figure 3 and we again measure the 
time necessary to produce 50 cc. of steam 
under the same conditions as in 3 above, we 
find that the time is reduced a great deal. 

6. Finally, by using a tube bent as in 
Figure 4, the convection currents are bet- 
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ter directed and also the area to which heat 


may be applied is increased. Again we find 
that the time necessary to produce 50 cc. of 
steam under the same conditions is less 
than for 3 and 5 above. 








44 
GENERAL PROCEDURE FOR 3, 5, AND 6 
So that the conditions should be as nearly 

alike as possible in the three experiments 

(3, 5, and 6) all of the bottom of the flask 

should be covered except for a slit as wide 

as the tubing used in 5 and 6. The amount 
of water used in the three tests should be 
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the same, that is, about 100 cc. when using 
the standard chimney. 

When performing the tests 3, 5, and 6, 
the water should first be heated until it boils 
steadily with the valve at the top open. 
Then the steam outlet is closed and the 
time necessary for the formation of 50 cc. 
of steam is noted. 

The burner used should not be of the 
standard size, but one of the midget vari- 
ety, as the ordinary size of Bunsen burner 
Naturally the 
rate of gas flow used in the three tests 
should be the same and the flame should 
be always placed at the same distance from 
the boiler or tube. 

The time is sufficient to determine the 
comparative efficiency. 
teresting to find the actual efficiency of the 


provides too much heat. 


However, it is in- 


three boilers. This may be done in the fol- 
lowing manner: the heat produced by the 
burner in B.T.U. per second may be deter- 
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mined by finding the cubic feet of gas used 
per second and multiplying this by the 
guaranteed B.T.U. content of the illumi- 
nating gas. From the height of the burette 
tube the pressure and volume of the steam 
may be found and from this the number of 
grams formed may be determined, and 
hence the amount of heat which is actually 
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used. Determining the efficiency is then a 
simple matter of dividing heat output by 
heat input and multiplying by 100. The 
ratio of the efficiencies of 3 and 5 should 
be about 1: 6; of 3 and 6, about 1: 9. 


SAMPLE DETERMINATION OF EFFICIENCY 


Given: That the burette tube contains 50 cc. and 
is 49 cm. high. 
That .001 cu. ft. of gas used per second. 
That the gas has a fuel value of 540 
B.T.U. per cu. ft. 
That the time required to make 50 cc. of 
steam is 10 secs. 
That 1 B.T.U. equals 252 calories. 
That the latent heat of steam 
calories per gram. 
Also the following table converted into 
metric units from the Encyclopedia 
Britannica Vol. 25. Page 825. 


is 539 


Temperature Pressure Volume of Steam 
"C (Cm./Cm.?) (Cm.3/Gm.) 
100° 1033.3 1670 
105° 1230.0 1420 
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Since the height of the burette tube is 49 
cm., the average pressure is equal to that 
produced by a column of water 1033.3 +- 
24.5 cm. high or about 1058 gm./em.?. By 
the relationships: 


1033.3 x 1058 ‘1420 


“1058 ~ 1670 °* 1230 x 


we find that x equals approximately 1636 
or that at the pressure found in the ex- 
periment 1636 cm.’ weigh one gram, or 
that one cm.’ weighs 1/1636 gram. Then 
since the burette tube contained 50 cc. of 
steam there were 50/1636 grams of steam 
formed. Then 539 50/1636 is the num- 


ber of calories used to make the steam. 
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(The amount of heat used to heat the 
steam from 100° C to the slightly higher 
temperature may be neglected.) 

Since the burner uses .001 cu. ft. of gas 
per sec. and the gas has a value of 540 
B.T.U. per cu. ft., 0.54 B.T.U. are used 
per second or .54 times 252 calories per 


second. Then the efficiency is 


539 X 50 
1636 
54 XX 252 X 10 








< 100 


which gives an efficiency of 1.21%. 

Very small efficicncies must be expected 
because the heating area is very small and 
most of the heat is wasted. 


A DAY WITH SCIENCE * 
A. J. HAMMER 


Chariton High School and Junior College, Chariton, Iowa 


This twentieth century in which we are 
living has been called by some the age of 
science because we have come to depend 
upon the results of science for practically 
every appliance, commodity, or luxury 
used throughout our lives. Not many years 
ago any person who attempted to perform 
experiments along scientific lines, or who 
attempted to discover the reasons why 
some particular thing happened as it did, 
was looked down upon by every one. He 
was considered a heretic, a witch, or a 
lunatic and was sometimes even put to 
death in order to save humanity from the 
discoveries he might make. 

Contrast this view-point with that of the 
present day. Every piece of clothing we 
wear, the food we eat, the water we drink, 
and even the air we breathe have been pre- 
pared by the scientist or improved by 
scientific methods. If we are ill we con- 
sult a physician who, instead of giving a 
snake dance to drive out the devils, ad- 
ministers some medicine which produces 


*Presented as the contribution of the Natural 
Science Department in a vitalized commence- 
ment program of the Chariton, Iowa, Public 
Schools. 


certain chemical changes within our bodies 
Not many 
years ago, when a doctor found an opera- 
tion necessary, it had to be performed by 


and cures us of the disease. 


main strength and awkwardness, the pa- 
tient screaming at every cut the doctor 
made. In order to prevent infection, the 
wound was often seared with a red hot 
Now the 
which render the patient unconscious or 
deaden the nerves in the area in 


the incision is to be made and he is able to 


iron. doctor uses anzsthetics 


which 


perform the operation with practically no 


opposition. Instead of the sterilization 
with the red hot iron, he now uses anti- 
septics which have no painful effects on 
the wound. Not long ago we heard of a 
doctor who even removed his own appen- 
dix. Such a thing would have been im- 
possible before the discovery of local an- 
zsthetics by the chemist. 

Science has been defined as knowledge 
upon any subject so arranged or classified 
as to be useful to one who desires to use 
it. This definition includes practically all 
knowledge, so for our purpose we have 
limited this knowledge to include only 
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those branches of science with which we 
come in contact in the average high-school 
curriculum. The study of general science, 
agriculture, biology, physics and chemistry 
cover the branches of science which are 
responsible for practically every scientific 
discovery we have had. These subjects 
are in turn divided into separate topics. 
Physics, for example, includes the study 
of mechanics, the prniciples of which we 
make use of in such labor-saving devices 
as the pulley, the wheel and axle, and the 
crowbar. Light is also a division of phy- 
sics. Here we study the different methods 
of producing light, the most efficient meth- 
ods of lighting and the effects of different 
lenses in improving our eyesight. Elec- 
tricity is also a branch of physics. Elec- 
trical appliances have become so common 
in the past decade that little need be said 
concerning their importance. 

In order to see the relation between sci- 
ence and our every-day life, suppose we 
watch an average business man as he goes 
through his daily routine. 

He is probably awakened in the morn- 
ing by an alarm clock, the working parts of 
which are made chiefly of brass and steel, 
products of the metallurgist. The princi- 
ples involved in the operation of the time- 
piece are some of the fundamental prin- 
ciples of physics and the actual measure- 
ment of time relates back to the study of 
astronomy, which is, in itself, a practical 
application of the laws of physics. The 
numbers on the face of this clock may have 
been painted with radium paint in order 
to make it possible for one to see the time 
at night. Radium is one of the ninety- 
two elements of which the entire earth is 
composed. Since its discovery in 1898 by 
Madame Curie, it has been recognized 
as a valuable substance not only by the 
watchmakers but by the medical profession 
as well. Physicians have used it for a 
number of years in the treatment of cancer. 

Mr. “X” will probably bathe before go- 
ing down to breakfast. The water will 
have been softened by chemical means and 
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purified by the use of chlorine. The soap 
was probably made from the fat from some 
packing house or rendering works. The 
lye which was used in making the soap was 
made from salt and is quite similar in na- 
ture to the lye which our grandmothers 
The soap 
has very likely been perfumed by some 
product made by the chemist from coal-tar. 

At breakfast Mr. “X” is served a dish of 
cereal prepared from corn, oats, wheat or 
possibly a combination of all these grains. 
The scientific history of this dish of cereal 
carries us back to the fertilization of the 
soil by chemical scientific 
selecting and testing of seeds, the harvest- 
ing of the grain by machines, the milling 
of the grain and finally the manufacture 
and packing of the cereal as it is served 
to us on our tables. If we were to depend 
upon grain as a food which had been pre- 
pared without any contact with scientific 
methods or appliances, we would have to 
depend upon the raw grain grown in the 
uncultivated wild state. 

This dish of cereal will probably require 
sugar and cream. The sugar had been ex- 
tracted from the beet of sugar-cane by 
scientific methods. The cream is a product 
of scientific stock breeding and has been 
prevented from souring by a process 
known as pasteurization. In order to in- 
sure the purchaser from buying an inferior 
grade of cream the law has stated that it 
should contain a certain percentage of but- 
terfat as determined by a chemical analy- 
sis. The dish in which the cereal is served 
is a product of the ceramic industry, which 
is almost entirely chemical. 

If Mr. “X” desires toast and coffee for 
breakfast, the toast will be spread with a 
product of the dairy industry or it may 
be spread with a butter substitute, a pro- 
duct of the chemical industry. Formerly 
we had to depend upon the cow as a source 
of butter. In fact we were forced to accept 
the cow “for butter or for worse.” We 
fed some plant to the cow and in return 
she gave us milk from which we separated 
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the cream, and from the cream we made 
butter. Now, instead of giving the plant 
to the cow, we give it to the chemist who 
takes it to his laboratory and extracts from 
it an oil from which he makes a butter sub- 
stitute free from any possible infection or 
impurity. 

Perhaps Mr. “X” has been told by his 
physician that he should not drink coffee, 
so he has a cup of Kaffee Hag, which has 
the taste of coffee but has had the drug, 
caffein, removed by the chemist. He may 
also have been told to give up smoking so 
with his Kaffee Hag he has a cigar made 
from tobacco which has been treated in 
such a way that the nicotine has been re- 
moved. 

After breakfast he rides to his office in 
his automobile, a luxury which would be 
unknown to us if it were not for the scien- 
tist. The average automobile contains 
over one hundred items which the chemist 
is responsible for, to say nothing of the 
applications of the principles of physics in 
the motor itself, its lubrication, the trans- 
mitting of the power to the wheels, etc. 
The automobile travels over pavement 
made from limestone, clay and sand and 
has been treated with chemicals to render 
it more durable. The mining of the ma- 
terials used in the cement, its manufacture 
and its fabrication into pavement have 
been carried on by machinery and under 
scientific observation. 

Before going to his office Mr. “X” buys 
a morning paper, the body of which has 
been made from wood, old rags, straw or 
corn stalks and the ink made from soot. 

In his office he is seated behind a desk 
fitted with a telephone and a dictaphone. 
The telephone, a necessity to most of us, 
was invented by one of our American 
scientists, Alexander Graham Bell, and 
makes use of a combination of principles of 
sound and electricity. The dictaphone, an 
invention of another well-known American 
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scientist, Thomas A. Edison, also makes 
use of the principles of sound but in addi- 
tion utilizes a number of mechanical prin- 
ciples. 

Probably Mr. “X” has a secretary. If 
so she may be a walking advertisement of 
the cosmetic industry. Her face covered 
with a thin layer of ground stone or rice 
flour and touched up here and there with 
applications of iron rust. Of course the 
young lady does not know that she is 
using iron rust on her face, but the chem- 
ist does. When she walks into the room 
the air is filled with the aroma of spring. 
Not from the perfumes of flowers but from 
the products of the laboratory, where the 
chemist did not wish to take time enough 
for mother nature to manufacture her own 
perfumes in her time-consuming way. The 
bright colors in this young lady’s dress 
may have originated in some tropical plant 
but in all probability they once reposed in 
an ugly, black mass of coal tar in some gas 
factory. 

That evening Mr. “X” attends a movie. 
Here he sees how the scientist has made 
use of electricity, light, sound, mechanics 
and chemistry to provide an hour or two 
of entertainment for the business man. The 
taking of the picture, the film itself, the re- 
production of the picture on the screen and 
the reproduction of the voice of the actor 
would never have been possible if it had not 
been for the scientist. The air in the theater 
has even been washed, cooled, and freed of 
its impurties in order that the patrons might 
better enjoy their entertainment. 

Mr. “X” is no exception to us. There is 
no person in any civilized country today 
who does not come in contact with products 
of the scientist in almost every act of his 
daily life. When we see what science has 


done for us, its importance to our comfort 
and how we depend upon it in almost every 
act of our lives, most of us would rather be 
living in a scientific age than in one where 
scientific discoveries had been prohibited. 
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Zinsser, Hans. “None of My Business: or 
Thoughts of a Biologist on Education.” School 
and Society 38 :685-693; November 25, 1933. 
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an education. The great progress of science and 
its application has had a tendency to crowd hu- 
manistic studies off the school stage. We are in 
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1933. 
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ence courses may be caused by the fact that col- 
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will be interested to read this article and specu- 
late on the relationship of science and scientific 
method to the development of the differences in 
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the findings of hundreds of studies in education, 
many of which are truly scientific. One reason 
for this non-application of the findings of ex- 
perimental studies is due to the fact that school 
men, unlike those of other professions, have not 
learned the necessity of making immediate ap- 
plication of all proved findings. Another ob- 
stacle to practical adoption is that studies made 
under the artificial conditions of the laboratory 
do not insure that the same results will be se- 
cured in the classrcom. Too many classroom 
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refined technique before they attempt any class- 
room experimentation. The author suggests and 
describes twenty practical types of classroom ex- 
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classroom anywhere. —C.M.P. 


EDUCATION 


responsible for making them what they are— 
masses of unorganized and incoherent informa- 
ion. Pupils should concentrate on the mastery 
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quirements to encourage the realization of this 
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Warp, C. H. “The Goals of High-School Sci- 
ence.” Harvard Teachers Record 3:179-183; 
October, 1933. 

The goals, according to this article, should be 
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on verification, that it differs from all other 
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of specialism, (3) showing what evidence really 
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An account of an experiment by Dr. C. C. Clark 
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Pointing out that the word “poison” is a relative 
term, the author severely takes to task certain 
authors who have endeavored to show that we 
should all be poisoned if we bought most foods, 
especially those that are widely advertised. Es- 
pecial attention is given to the possibilities of ar- 
senic and aluminum poisoning. This volume is 
illustrated. —C.M.P. 


Hoxtumway, Cart. “The White Man’s Nemesis.” 
The Kadelpian Review 13:47-48; November, 
1933. 

A startling conclusion resulting from the ap- 
plication of the principles of inheritance and sur- 
vival to mankind. “What are the chances for the 
various races of the world, white, black, and yel- 
low in the near future—say in one hundred years 
from now? Will the white, the black, or the yel- 
low group dominate? What particular nation, 
speech, religion or philosophy shall permeate and 
control the civilization of 2033? 


—O.E.Underhill. 


Quinn, Kirsy M. “Gunning for War Birds.” 
Popular Mechanics Magazine 60 :801-804; De- 
cember, 1933. 

An account of the latest developments in de- 
fense against aircraft describes sound-receiver 
horns for detecting enemy planes, remote control 
searchlights and automatic methods of aiming 
anti-aircraft artillery. Much progress in prepara- 
tion for the next war has been made since the last 
“war to end war.” —O.E.Underhill. 


Crite, Georce. “Then and Now: A Century of 
Progress in Surgery.” The Science Leaflet 7: 
19-24; October 26, 1933. 

Some salient facts brought out in this article 
are: Surgery has made more progress in the last 
century than during all of the past history of the 
human race. Anesthetics and antiseptics have 
revolutionized surgery. Surgery is now applicable 
to every organ of the body. The treatment of 
hemorrhage and shock has made important prog- 
ress. —C.M.P. 
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Carey, Ensen J. “Medical Exhibits at a Century 
of Progress Exhibition.” The Science Leaflet 
7 :24-30; November 2, 1933. . 
The medical exhibits in the Hall of Science tell 
the following stories: (1) The story of the con- 
trol of pain; (2) The story of the doctor’s service 
to the sick, shown by a large diorama; (3) The 
story of antisepsis and asepsis in surgery, or the 
control of infection; (4) The story of the exten- 
sion and clarification of man’s vision, by means 
of the microscope and eye-glass; (5) The story of 
vitamins or the accessory food substances that 
man needs to prevent and cure deficiency dis- 
eases; (6) The story of the chemical messengers 
in the blood stream, or hormones that regulate 
the body by chemical me 1::s and which in normal 
amounts prevent certain diseases and maintain 
health; (7) The story of the saddle-back doctor 
of one hundred years ago; (8) The story of the 
X-ray, discovered by Roentgen; (9) The story of 
the infection of teeth and the production of gen- 
eral diseases of the body. —C.M.P. 


Parker, G.H. “Anthony Van Leeuwenhoek and 
His Microscope.” Scientific Monthly 37 :434- 
441; November, 1933. 

This is an interesting article pertaining to the 

“life and work of Van Leeuwenhoek and his little 

animals.” —C.M.P. 


DAVENPORT, CHARLES B. “Is Disease Inherited?” 
Scientific American 149 :162-164; October, 1933. 
The author discusses to what extent and in what 
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circumstances are cancer, goiter, syphilis and 
tuberculosis inheritable. His conclusion is “that 
in the production of disease the relation of en- 
vironment and disease-inciting agents to the con- 
stitution is such that only when a balance between 
them is disturbed do the symptoms of the disease 
appear.” —C.M.P 


Boone, ANDREW R. “Black Gold—Three Miles 
Down.” Scientific American 149 :253-255; De- 
cember, 1933. 

The article describes the process of drilling of 
the deepest hole in the earth, where a depth of 
over 11,000 feet has been reached. The author 
believes that it will be possible to drill oil wells 
three miles deep. —C.M.P. 


Davis, Harry G. “Farm Problems and the Ma- 
chine.” Scientific American 149 :222-223; No- 
vember, 1933. 

Machines have caused a revolution in farming 
methods. There are illustrations of a pick-up 
baler which eliminates the labor of stacking hay 
by baling it in the field ready for storing and also 
a “baby combine” designed for use on farms with 
small acreage of small grains. —C.M.P. 


Russe__, Henry Norris. “Stellar Atmospheres.” 
Scientific American 149:204-205; November, 
1933. 

The article discusses the composition of the 
stellar atmospheres. Sixty-two of the known 
chemical elements have been identified in the sun 
—three or four of them doubtfully. .—C.M.P. 


SCIENCE IN ELEMENTARY SCHOOL 


Powers, SAMUEL RALPH. “Science.” The Ele- 
mentary School Journal 24:213-217; Novem- 
ber, 1933. 

This is an annotated bibliography of articles on 
instruction in science in the elementary school. 
The period covered is from April, 1932, to June, 
1933. —C.M.P. 


Patmer, E. Laurence. “Fields in Fall.” Cor- 
nell Rural School Leaflet 27 :1-32; November, 
1933. 

This leaflet describes the type of animal and 
plant life that may be seen in the fields in autumn. 

The book contains illustrations. —C.M.P. 


Symposium. “Teachers’ Number.” Cornell 
Rural School Leaflet 25 :1-56; September, 1933. 
This teachers’ number of the Leaflet includes a 

series of articles. Vernon Bailey has an article 

entitled, “Trapping Animals Alive and Unin- 
jured”; Robert A. Greene, “Marionettes in 

School” ; Carlotta J. Maury, “Fresh-Water Shells 

and Shell Collecting”; and E. Laurence Palmer 

and Eva Gordon, “Some New and Useful Books.” 
—C.M.P. 


Pratt, CHartes. “A Course in Elementary Sci- 
ence for Second-Year Connecticut Normal 
School Students.” School Science and Mathe- 
matics 33 :624-634; June, 1933. 

The author reports the progress of a committee 
in formulating a course in science intended to give 
a mastery of scientific principles to the second- 
year students in the Connecticut normal schools. 
The basic criterion in the selection of content for 
this course is pupil interest. —F.D.C. 


Poote, CrypiaA A. “Nature Study Activities.” 
The Instructor 42 :51-61 ; September, 1933. 
This is an illustrated article describing science 

activities as they are carried out in the fifth and 

sixth grades of the Webster School, Pontiac, 

Michigan. —C.M.P. 


ALLEN, AcnEes M. “A Survey of Books on Meth- 
ods of Teaching Geography, 1887-1932.” The 
Journal of Geography 32:285-290; October, 
1933. 

The article presents a brief summary of the 
nature and scope of the books on methods of 
teaching geography that have appeared during 
the past forty-five years. Trends in the teaching 
of geography are indicated. —C.M.P. 
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SCIENCE IN SENIOR HIGH SCHOOL 


Craic, Geratp S. “An Elementary Teacher 
Looks at Secondary Science.” Progressive 
Education 10:417-421; November, 1933. 
Using as a premise the theory that the high 

school will become more and more a school for 
the masses, the author maintains that a reorgani- 
zation and a reselection of content of science is 
necessary. As he states it “the teacher of science 
should teach science for the benefit of youth and 
not for the sake of preserving science.” 

This will necessitate a different methodology 
from that practiced by the average science teacher 
of the present day. There will be less text-book 
work, less “stale, indoor” laboratory work, and a 
greater use of the out-of-doors. —C.M.P. 


Ma Lrnc-Yun and Wess, HAnor A. “Chemical 
Terms in the Chinese Language.” Journal of 
Chemical Education 10:337-373; December, 
1933. 

It has been exremely difficult for the Chinese to 
put chemical terms as we know them into their 
own language. Recent efforts by their Ministry 
of Education have simplified the matter consid- 
erably by reducing greatly the number of Chinese 
characters used. A few examples of their new 
system of nomenclature are as follows: bromine 
is “water of stench”; sodium chloride is “eating 
salt”; beaker is “burning cup”; ion is a “leaving 
particle”; Curie is “chuli”’; et cetera. Although 
this seems to us highly complicated we are assured 
that it used to be far worse. —V.H.N. 


Mack, Pautine Beery. “Our Ninety-two Ele- 
ments.” The Science Leaflet 7:1-25; Septem- 
ber 28, 1933. 

In this article the author describes the exhibit 
of the ninety-two elements in the Hall of Science 
at the Century of Progress Exposition. This re- 
markable exhibit was thirty feet high and twenty- 
five feet in diameter. It consisted of an eighteen- 
sided show case, each side of which was made up 
of a tier of glass-fronted compartments, sur- 
mounted by an enormous terrestrial globe. The 
location of the most important deposits of the 
various elements was indicated on the globe. In 
the show case, each compartment was devoted to 
one element and contained a specimen of the ele- 
ment itself or one of its chief ores. 

The article includes the description and history 
of each element as used in the Chicago exhibit. 
A chart showing the periodic classification of the 
elements and a table giving the extra-nuclear elec- 
trons of each element are included. —C.M.P. 


Mack, Pauttne Beery. “Speciai Science Club 
Number.” The Science Leaflet 7:1-32; Sep- 
tember 21, 1933. 

This “Special Science Club Number” gives in- 
formation relative to the new national organiza- 
tion called Student Science Clubs of America. 

—C.M.P. 


SmitH, Victor C. “Science Vocabulary in Ad- 
vertisements—A Pupil Project.” School Sci- 
ence and Mathematics 33 :386-388 ; April, 1933. 
At the end of the course in general science 

eleven pupils made a study of the scientific vocab- 

ulary used in 642 advertisements found in copies 
of five different household magazines. Of these 
advertisements 490 or 76 per cent contained words 
associated with science. Most of these words re- 
lated to health, hygiene, physics, and chemistry. 
The investigator concludes, “the study showed 
that general science does have practical value in 
training pupils to read advertisements with ade- 
quate understanding of the (scientific) terms 
used.” The article includes a list of the scientific 
words which appeared in the advertisements eight 
or more times. —F.D.C. 


IppLes, Harotp A., FUNKHOUSER, JAMES A. and 
Taytor, Atrrep H. “Notes on Experiments 
With Liquid Air.” Report of the New England 
Association of Chemistry Teachers 35 :21-26; 
September, 1933. 

The article describes a series of fifteen experi- 
ments with liquid air presented at the one hun- 
dred forty-fifth meeting of the New England As- 
sociation of Chemistry Teachers held at The Phil- 
lips Exeter Academy, Exter, New Hampshire. 

—C.M.P. 


Lams, AxtHuR B. “A Century of Progress in 
Chemistry.” Science 78: 371-376; October 27, 
1933. 

This is an address made at the Century of 
Progress Exposition in Chicago by the president 
of the American Chemical Society. References 
are made to a few of the many significant achieve- 
ments of chemistry during the past hundred years, 
the most patent of which are those which minister 
directly to the material welfare of mankind. The 
author emphasizes the fact that these achieve- 
ments of chemistry are a permanent asset of the 
race, although material wealth may come and go, 
governments rise and fall, systems of human so- 
ciety may evolve and disappear. —C.M.P. 


Green, Witt1aM S. “A New Idea in Projecting 
Miscroscope Slides.” The Educational Screen 
12 :217-218 ; October, 1933. 

Describes a method of using a microscope in 
conjunction with a regular stereopticon. 
—O. E. Underhill. 


Howarp, JosepH W. “Garnets.” Journal of 
Chemical Education 10: 713-715; December, 
1933. 

Garnets have been known as gems for thousands 
or years. In ancient times they were called car- 
buncles. More recently garnets have found in- 
creasing use as abrasives. They exist in many 
varieties and colors. —V.H.N. 








New 





publications 


Frost, Epwin Brant. 
Boston: Houghton 
300 p. $3.50. 
Anyone who writes so engagingly as Doctor 

Frost would produce a good book on almost any 

title to which he would direct his attention. 

But when he chose to write the story of his 

own life, he produced a book which will enter- 

tain, instruct and stimulate readers all the way 


An Astronomer’s Life. 
Mifflin Company. 1933. 


from the high-school age through educated 
adulthood. No doubt there are loyal Ver- 
monters who will see Doctor Frost’s success 


as especially porteneded by his hardy ancestors, 
plus the outdoor rigors and indoor scholastic 
exactions which were constant factors in his 
boyhood. Those born outside of New England 
may derive from this book the idea that good 
ancestry, good homes, good environment and 
good schooling might be similarly productive 
almost anywhere. Certainly the author pro- 
vided for his own children, who were reared 
in the Central West, much of the same kind 
of up-bringing to which he credits his own 
early education. This reviewer recalls a re- 
quest to examine the manuscript of one of 
Mrs. Frost’s schemes for outdoor studies by 
their own small children. It was an excellent 
scheme developed at a time when mothers were 
just beginning to make important contributions 
through codperation in the education of their 
own offspring. The Frost parents knew that 
“the nervous system develops according to the 
modes in which it is exercised.” They knew 
that it isn’t New England climate that makes 
useful people, but rather it is good inheritance 
developed according to certain interesting and 
useful ways of living and acting. The account 
of the author’s childhood, and in the latter 
pages the account of his life with his children 
present a scheme of educational codperation 
rarely equaled in American literature. 

Doctor Frost’s outstanding accomplishments 
in astronomy are well known. His comments 
upon this life work are chiefly of a personal 
nature, thus disclosing significant features that 
are not well known. It seems certain that 
astronomers will find added light upon his 
work, not through their telescopes, but through 
the better-illumined personal life of the worker 
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himself. The book contains many references 
to interesting astronomical occurrences. In 
fact the book deals incidentally with the life of 
a great astronomer. 

The author has been blind for many years. 
His eyes were never the best, and declining 
vision came surely under the heavy program 
of the severe visual necessities of his work. 
He knew and anticipated the darkness into 
which he would go, and prepared ways of see- 
ing what his eyes could not bring to him. 
Mrs. Frost became eyes for him not only in his 
getting about but in his astronomical work. 
Once in a public address in which lantern slides 
were used, Mrs. Frost sitting near the lecturer 
watched to see that the slides and talk were 
coincident. Something caused Dr. Frost to 
inquire whether the slide really showed the 
point of which he spoke. A listener in the 
audience was heard to say: “What does he 
mean? Can’t he see his own pictures?” With 
the jocularity known and loved by all his 
intimate friends, Doctor Frost said audibly, 
“Well, we fooled them that time.” He makes 
little of his blindness. However, the nature of 
the few references to it is such as to give a 
glimpse of the depths of his unexpressed grief. 
His joyful “carrying on” must surely serve to 
make the rest of us forget the minor ailments 
so commonly exploited as excuses for slacking 
in our occomplishments. Nowhere is_ the 
author’s greatness more clearly seen than in 
the almost complete absence of admission that 
he is blind. He is what he is, and as such 
happily moves on doing his chosen work. 

A review, already too long, can include but 
little more of the personal life, the participation 
in all sorts of public affairs, the intelligent de- 
votion of this big brother of his own children, 
the fearless opposition to wrong-doing, and his 
constant support of all good works. Possibly 
the nature of his humor while advocating sound 
ideals may be suggested by quoting his state- 
ment of his topic when he addressed the gradu- 
ates of a well-known military academy: “I 
remember that I spoke to the boys on one oc- 
casion using the fictitious text from the book 
of Trigonometricus, ‘And Nahum said unto 
Habakkuk, Habakkuk, get your base-line right’.” 

—O.W.C. 
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Wray, Rosert P. The Relative Importance of 
Chemical Information for General Educa- 
tion. Penn State Studies in Education No. 
6. State College, Penn., School of Educa- 
tion, 1933. 48 p. $1.00. 

This research resulted in obtaining “index 
values” for items of chemical information in- 
cluded in a list secured from an analysis of 
four textbooks in high-school chemistry. The 
data were obtained from 15 questionnaires sent 
out to persons who had studied chemistry for 
at least one year. The number of cases for 
each questionnaire ranged from 84 to 176. 
Values were dependent upon judgments of the 
frequency of use and satisfactions derived from 
the knowledge of the items listed. Numerical 
values were secured by the use of the terms 
never, occasionally, moderate, often, and very 
often, these terms being assigned values oi 1, 
2, 3, 4, and 5, respectively. The “index value” 
was computed by multiplying the median fre- 
quency by the median pleasure (satisfaction) 
value. Coefficients of correlation show high 
reliabilities and high validities for the judg- 
ments and the “index values.” These range 
from .637 to 1.00. 

The most important conclusion is that by the 
use of this technique one may get items which 
“have a consistent relative utility for all in- 
dividuals regardless of occupation, sex, or 
habitat.” In other words, estimates by experi- 
enced persons on the matter of utility of items 
of information may be depended upon to sup- 
ply significant criteria for the selection of in- 


structional items, in chemistry, at least. Impli- 
cations will include similar items from other 
fields. —A.W.H. 


Bepett, RatpH C. and Watkins, RaAtpy K. 
Kansas City General Science Test. St. 
Louis: Webster Publishing Company, 1932. 
The Kansas City General Science Test is de- 

signed to measure growth and accomplishment 

in general science. There are two forms of the 
test, Form A and Form B. The items in both 
forms were “selected from A Synthesis and 

Evaluation of Subject-Matter Topics in Gen- 

eral Science, by F. D. Curtis, and from the 

experience of the authors with many general 
science classes and textbooks.” Each test con- 
tains 25 multiple-choice items and 75 true-false 


items. Norms have been established for the 
tests. Key and manual of directions are in- 
cluded. —C.M.P. 


Dirmars, Raymonp L. Reptiles of the world. 
New York: The Macmillan Company, 1933. 
321 p. $5.00. 

This revision of a book which has been used 
extensively in the study of the crocodilians, 
turtles and tortoises, lizards and snakes is es- 
sentially a survey of the reptiles of the world. 
This volume contains new information drawn 
from the author’s long and systematic observa- 
tion of the orders of reptiles in their homes 


NEW PUBLICATIONS 53 


and haunts in the various parts of the world, 
and in the New York Zodlogical Park. 

The author’s method has been to select rep- 
resentatives types from the different groups, 
treating them according to their importance as 
to anatomical characteristics and habits. The 
North American reptiles are given considerable 
attention. 

There are 89 plates, made from photographs 
taken from life, which will be useful to science 
teachers in connection with the study of reptiles 
on any level of the elementary and secondary 
school. 

The information given in this volume will fur- 
nish a background of content for the teacher. 
This volume will be a worthy addition to the 
teacher’s professional library in science. 


—G.S.C. 


Baker, ArTHUR O. and Mitts, H. Dynamic 
Biology. Chicago: Rand McNally and Com- 
pany, 1933. 722 p. $1.72. 

Following the accepted practice among writers 
of secondary science textbooks, the authors have 
employed the unit technique in Dynamic Biology. 
There are a series of fourteen units as follows: 
Exploring the Earth for Living Things; The 
Fascination of Microscopic Life; Conquering 
Dangerous Microbes; Allies in Keeping Healthy; 
Friends and Foes Among the Insects; Life Proc- 
esses in Plants and Animals; Exploring the 
Plant and Animal Groups; On the Trail with 
Camera, Rod and Gun; How Life Forms De- 
pend Upon One Another; How Plants and Ani- 
mals Behave; Replenishing the World with 
Life; From Fertilized Egg Cells to Independent 
Organisms; The Laws of Heredity and Im- 
provement of Mankind; and Changing Forms 
of Living Things. Each unit begins with “Sug- 
gestions to The Teacher,” followed by a list of 
objectives for the unit and a preview of the 
unit. The unit is developed by means of a 
series of problems. Suggested student activ- 
ities, list of references, visual aids, and films 
are included in each unit. An excellent series 
of pertinent pictures, several of which are in 
colors, add much to attractiveness of the book. 
It seems to the reviewer that the authors in 
their treatment of the textual material have as 
nearly lived up to the title Dynamic Biology as 
is possible to do so. Such a book ought to have 
great appeal to the interests and enthusiasms of 
boys and girls. The authors are Cleveland sec- 
ondary teachers who have thoroughly tested the 
material presented in their own classrooms. It 
may not be too much to say that Dynamic Biol- 
ogy textbooks that have come to the reviewer's 
attention. —C.M.P. 


Marcy, CLARENCE A., Marcy, FERNIE L., Corwin, 
Mae JouNnson, and Corwin, WALLING. West- 
ern Nature Science Series. Volume I, The 
Indians’ Garden, 1932, p. 212. The Padres’ 
Garden, 1932, 212 p. Volume III, The 
Pioneer's Pathway, 1932, 211 p. Volume IV, 
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Trails Today, 1932, 211 p. San Francisco, 
California: Harr Wagner Publishing Com- 
pany. $1.00 each. 

This series of books is intended to provide 
“A fund of information about the plants and 
animals found in the western part of the United 
States.” 

“In The Indians’ Garden the whole western 
land may be thought of as a great natural gar- 
den from which the Indians procured the raw 
materials which they used for food, shelter, and 
clothing.” It is intended for the third grade. 

The Padres’ Garden is a study of the plants 
and animals of western United States, presented 
in the form of stories about actual visits to the 
places described. The book is intended for 
the fourth grade. 

The Pioneer's Pathway gives a description of 
the flowers and trees found along western path- 
ways. It is intended for the fifth grade. 

Trails Today describes the animals of land 
and sea on the western coast. It is intended for 
the sixth grade. 

Western Nature Science Series comprise an 
interesting series of supplementary readers for 
the elementary grades. Presumably the series 
are scientifically accurate as one of the authors 
is a lecturer on nature study in the extension 
division at the University of California. Two of 
the other authors are well-known California 
science teachers. The stories told are very in- 
teresting and have numerous illustrations which 
add much to the attractiveness of the books. 
Unquestionably elementary children will enjoy 
reading these books, regardiess of whether or 
not they live in the west. 

It is regrettable that such an excellent series 
of nature stories could not have been given 
proper grade placement based on extensive use 
in the classroom. The series lacks the coherence 
and unity of some-of the most recent series of 
elementary science books. However, the series 
should be found quite useful as supplementary 
science readers. The vocabulary may prove dif- 
ficult for many children especially that of the 
books for grades three and four. 

—C.M.P. 


Corwin, MaE JoHNSON and Corwin, WALLING. 
Junior High School Science. San Francisco: 
Harr Wagner Publishing Company, 1931. 
392 p. $1.60. 

This is inteded as a text for eight-grade gen- 
eral science. The material is divided into thirty- 
four “units.” In this case the “units” correspond 
to chapter divisions. Twenty-two of the first 
twenty-four chapters deal with a composite of 
nature study and classified botanical and zodlogi- 
cal materials. Roots and soil; stems; leaves and 
buds; grafting and budding; flowers and seeds; 
pollination and fertilization; bacteria and fungi; 
classification of plants; our trees; landscaping; 
insects are illustrative of these units and their 
order. The last ten chapters are concerned with 
short units from the field of physics. Typical 
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units are: units of measure; machines and work; 
air, heat; sound; light; magnetism; production 
of electricity. There is no central unifying 
theme which holds the course together. Each 
unit consists of a very short paragraph of in- 
troduction; a set of guide questions for the unit 
and the text material. There are no exercises, 
experiments or demonstrations. A short reading 
list is suggested at the end of the book. 


—R.K.W. 
Sniper, LutHer C. Earth History. New York: 
The Century Company, 1932. 683 p. $4.50. 


The author, a consulting geologist for one of 
the larger oil companies, has succeeded in pro- 
ducing an exceedingly readable book, shorn of 
many of the technicalities which retard the stu- 
dent and turn the layman aside from the quest 
of further information concerning the history 
of our earth. 

The contents include four major divisions: 
the book of the earth; the history of the con- 
tinents; the history of living things; and man 
and earth history. In the first division the 
treatment of earth materials and processes and 
the keys to earth history are especially to be 
noted. The chronology of the second section 
is to be commended. The author has begun 
with the paleozoic cycle for which physical evi- 
dences, understandable to the reader, are avail- 
able. Using this as a basis the Precambrian 
history is developed. From this he has gone to 
various theories of earth history. The history 
of living things is aided materially by fine illus- 
trations. A feature of this treatment is the 
story of the development of living types of 
animals and a comparison of these with pre- 
historic forms. The illustrations carry out this 
comparison. The section on man’s relation to 
earth history includes such interesting treat- 
ments as man’s relations to minerals; earth 
tragedies; the meaning of scenery; the develop- 
ment of earth sciences; and the present aspects 
of the continents. 

The book may be used as a text for intro- 
ductory college courses in geology. It should 
be of immense interest to a large number of 
lay readers. The high-school science library 
should find it of value as a reference for pupils 
in senior high school. 

—R.K.W. 


Cottins, A. Frepertck. How to Understand 
Chemistry. New York: D. Appleton and Com- 
pany, 1932. 322 p. $2.00. 

Unlike many of the books of this very prolific 
writer on popular science, this book is a theoreti- 
cal treatment. It is an attempt to make the 
theories of modern chemistry understandable to 
the layman who has not had a high school or 
college course in chemistry. 

Sample chapter headings illustrating the con- 
tent are: about the same chemistry; what matter 
is; how matter is measured; what the elements 
are; about mixtures, compounds and chemical 
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changes; how elements combine; what the 
atomic theory is; ionization, dissociation and 
equilibrium; the periodic law and periodic sys- 
tem; what thermochemistry is; what photo- 
chemistry is; what organic chemistry is; the 
atomic theory up to now. 

Chapter two deals with the nature of matter 
and an attempt to clarify modern theories of the 
structure of the atom for the reader. From 
the point of view of the reviewer the beginning 
treatment here is unfortunate in that it begins 
with the old notion that all space is filled with 
ether. For example, “the raw material out of 
which matter is made is what physicists and 
chemists call the ether.” And again, “From the 
ether protons and electrons are formed.” 

In chapter five is a very interesting table of 
the elements which includes names, symbols, 
origin of each name and its meaning, the name 
of the discoverer, and the date of discovery for 
each element. 

The book will be found to be a useful addi- 
tion to the high-school library. It is better 
adapted to the uses of senior high-school pupils 
in chemistry courses than to those of junior 
high-school pupils in general science courses. 

—R.K.W. 


Hatrietp, H. Starrorp. The Inventor and His 
World. New York: E. P. Dutton and Com- 
pany, 1933. 269 p. $2.40. 

While this book is written by an Englishman 
and is especially for Englishmen, it will be found 
useful to any one who is interested in invention. 
The first five chapters present an interesting 
discussion on what invention is, the kinds of per- 
sons likely to succeed as inventors, and some 
principles of working out, financing, and direct- 
ing inventive effort. The next six chapters give 
suggestions to inventors in the fields of mechan- 
ics, chemistry, electricity, and physics, together 
with a discussion of the psychology of success 
in invention. The next to the last chapter indi- 
cates the importance of biology as a coming field 
for inventive effort. The last chapter gives some 
practical suggestions on how to secure patents 
in England and in other countries. An extensive 
bibliography is included in the appendix. 

The book is scholarly rather than popular and 
will appeal to the educated laymen particularly. 
An important point in the author’s philosophy, 
which has been arrived at after considerable 
study and evident experience, is his large vision 
of what invention implies and the changes which 
should be made in the regard we have for it, 
and the rewards which should be extended to the 
many who participate and do not receive recogni- 
tion for their efforts in any form. The patent 
laws should be revised to stimulate and reward 
all who make definite contributions. Education 
should concern itself with the selection of those 
who give promise of making distinct contribu- 
tions. —A.W.H. 
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Ren, Franx. Science Related to Life. Book I, 
Water, Air and Sound. 181 p. Book II, Heat 
and Health. 192 p. Book II], Magnetism and 
Electricity. 200 p. Book IV, Light, Forces 
and Machines. 200 p. New York: American 
Book Company, 1932. $0.60 each. 

These books present reading materials about 
many practical applications of science in every- 
day life. The content of each book is divided 
into a number of units which are introduced by 
problems. Selected experiments and demonstra- 
tions are suggested which require a minimum of 
apparatus and which may be performed either 
in the home or classroom. Each scientific term 
is explained in the textual material or in a foot- 
note and again in the glossary. At the close of 
each unit is a summary, a number of questions 
or problems, a suggested test, and a list of sup- 
plementary demonstrations and projects. The 
books are well illustrated by photographs, line 
drawings, and diagrams. 

This series of books furnishes excellent ma- 


terial in science for pupils in junior high 
schools. —F.G.B. 
Patcu, Epitn M. and Howe, Harrison E. Na- 


ture and Science Readers. Book III, Sur- 

prises, 307 p. $0.84. Book IV, Through Four 

Seasons, 331 p. $0.88. New York: The Mac- 

millan Company, 1933. 

These books are the third and fourth of a 
series entitled Nature and Science Readers. 
Books one and two are named Hunting and Out- 
door Visits. 

In Surprises the authors introduce their young 
readers to interesting topics, such as: A Summer 
Dress; Silk and Linen; A Winter Coat; Some 
Food from Plants; Fire Stories; Some Animals 
Called Mammals; Air; Water; Some Insects; 
Some Animals with Feathers; Finding Rocks; 
Earth, Sun, Moon, and Stars; Prisms and 
White Light; Games and Electricity; and Mag- 
net and Compass. Each topic is followed by a 
section devoted to science games including puz- 
zles, questions and answers, rhymes, stories, and 
naming pictures. 

Through Four Seasons carries the child 
through the various months of the year and 
emphasizes typical responses of plants and ani- 
mals to the changing seasons. As in Surprises 
each chapter is followed by a section on “What 
To Do After Reading the Chapter.” 

These books are profusely illustrated by ex- 
cellent phetographs, full page pictures in color, 
and line drawings. Each picture bears a signifi- 
cant relationship to the ideas expressed in the 
textual material. The vocabulary has been 
checked with the vocabulary lists of Gates and 
Thorndike. Overgrade words are explained in 
the text. 

The books are written in dignified direct style 
and are accurate in content. They are a valu- 
able contribution to science literature for the 
early elementary grades. —F.G.B. 





56 SCIENCE EDUCATION [ Vot. 18, No. 1 
Atter, Dinsmore. Introduction io Practical units and in the music units. These contribu- 


Astronomy. New York: Thomas Y. Crowell 

Company, 1933. 80 p. $2.00. 

This book has taken the form of a laboratory 
manual for a beginning course in astronomy. Its 
best use would be as a companion volume to a 
standard textbook in the field. The exercises of 
this laboratory manual are intended to form the 
course as such and the information of a text- 
book to supplement the exercises. The exercises 
are so arranged that most of them may be per- 
formed without observatory equipment. It 
should be of service to those colleges offering a 
beginning course but not equipped with observa- 
tory apparatus. 

The books will be of value to teachers of be- 
ginning college courses in astronomy or for the 
few high-school teachers offering an elementary 
course in this field. It is not advised for pur- 
chase for the general high-school science library. 

The latter half of the book consists of co- 
Ordinate sheets for recording laboratory exer- 


cises. —R.K.W. 
NorswortHy, Naomr and WHuitLey, Mary 
TuHeopora. The Psychology of Childhood. 


New York: The Macmillan Company, 1933. 

515 p. $1.80. 

This work has been the friend and pilot of so 
many students in first courses in child psychology 
that it has achieved the status of a near classic 
in the field. However, even such good books as 
this need in time to be brought up to date. The 
junior author who was largely responsible for 
the completion of the first edition has made the 
present revision. A considerable portion of the 
original work has been re-written and brought up 
to date, especially with respect to new experi- 
mentation and measurement. Three chapters 
on Play Life, Language Development and Mis- 
directed Tendencies respectively, and a closing 
one on Interpretations of Child Development 
have been added. An even wider sphere of use- 
fulness and influence than was enjoyed by the 
original edition may be expected for the re- 


vision. —V.H.N. 


ARNSPIGER, VARNEY C. Measuring the Effective- 
tiveness of Sound Pictures as Teaching Aids. 
New York: Bureau of Publications Teachers 
College, Columbia University, 1933. 156 p. 
$2.00. 

This is an experimental study to determine 
whether sound pictures contribute to education. 
The monograph give accounts of some previous 
experiments in the field; a description of the 
experiment performed; results of initial, final 
and recall tests; comparisons of low and high 
intelligence groups on these tests; an analysis 
of specific elements of picture composition; a 
summary of the findings; and problems for 
future research. Data given support the con- 
clusion “that the talking pictures used in this 
experiment make marked and lasting contribu- 
tions to learning, both in the natural science 


tions, however, were made without the loss of 
learning other elements of subject-matter of the 
units not included in the talking pictures them- 


selves.” —A.W.H. 
KENLY, Jutie Crosson. Wild Wings. New 


York: D. Appleton and Company, 1933. 275 

p. $2.50. 

Wild Wings is a book written to instruct and 
entertain young readers. The author discusses, 
in a more or less dramatic manner, many inter- 
esting points about birds and their habits. The 
book begins with a discussion of the structure of 
the egg and continues with chapters emphasizing 
themes, such as: Birds with Teeth; The First 
Airplanes; Weaving A Home; Painting without 
Paints; Brigands of the Air; Eyes in the Night; 
Some Marsh Birds; The Carpenter Woodpeck- 
ers; The Odd Cuckoo; People of the Twilight; 
Swifts and Swallows; Two Bird Rowdies; 
Down in the Meadows; Orchard Lovers; Useful 
Midgets; The Seed Eaters; Forgiving Friends; 
Dangerous Journeys; and What Birds Mean. 
The book is illustrated by Henry C. Kenly. It is 
the fourth nature book written by Mrs. Kenly. 
Other books are Green Magic, The Astonishing 
Ant, and Children of a Star. —F.G.B. 


Department of Public Instruction, Common- 
wealth of Pennsylvania, Harrisburg, Penn. 
Courses of Study in Science.. Bulletin 72— 
Grades One, Two, and Three, 35 p. Bulletin 
72A—Grades Four, Five, and Six, 43 p. 1932. 
The Department of Public Instruction of Penn- 

sylvania has issued a course of study in science to 
be used in the first six grades in the public schools 
of the State. The outlines are a part of an inte- 
grated course of study in science for the first 
twelve grades of the public schools of Pennsyl- 
vania. 

The outlines were prepared by Helen Purcell, 
Director of Elementary and Kindergarten Educa- 
tion, with the assistance of various departments 
of the State. Suggestions and criticisms from 
teachers over the State were incorporated in the 
outlines. The materials were critically reviewed 
by Dr. George Green, Dr. E. E. Wildman, and Mr. 
Arthur Clark. 

The outline is preceded by a discussion of sci- 
ence as a school activity. Under each topic in the 
course of study are indicated problems and ex- 
periences and a section of suggested activities that 
may be used in developing the topic. A selected 
list of references for pupils and teachers is given. 
A number of helps in evaluating progress are in- 
cluded. 

The course of study is suggestive of the science 
work that may be done in elementary schools. 
The adaptation of these materials to the special 
needs of the various communities of the State is 
left to teachers. 

The syllabus represents a valuable contribution 
in the development of a program of science in 
public schools. —F.G.B. 





F 





18, No. 1 


ontribu- 
loss of 
r of the 
s them- 
W.H. 


New 
33. 275 


uct and 
scusses, 
y inter- 
s. The 
ture of 
lasizing 
e First 
without 
Night; 
odpeck- 
wilight ; 
wdies ; 
Useful 
riends; 
Mean. 
y. It is 
Kenly. 
nishing 


-G.B. 


mmon- 
Penn. 
in 72— 
sulletin 

1932. 
 Penn- 
ence to 
schools 
n inte- 
ie first 
ennsyl- 


-urcell, 
Educa- 
tments 
} from 
in the 
viewed 
nd Mr. 


of sci- 
in the 
id ex- 
es that 
‘lected 
given. 
ire in- 


cience 
thools. 
special 
tate is 


bution 
nce in 
3.B. 





—, 





Fes. 1934] 


Teeters, W. R. and Hersinc, Crara M. Early 
Journey'in Science. Book I, 154 p. $0.68. 
Book II, 186 p. $0.72. Book III, 218 p. $0.80. 
Philadelphia: J. B. Lippincott Company, 1931. 
This series of three books written for use 

in the first six grades of the elementary school 

may serve either as supplementary readers or 
as textbooks. Each book is intended to be used 
in two grades. The subjects discussed in the 
different books relate to plants, animals, stars, 
rainbow, rain, and snow, which are factors com- 

mon to children whether living in a city or a 

rural environment. 

The books are well illustrated by pen and ink 
drawings that form an integral part of the 
textual material. Particular attention is given 
to the use of vocabulary. Book I contains a 
special list of new words used in each section. 
Book II and III contain glossaries in which 
meanings of unfamiliar words are given. At the 
close of each unit are a number of questions 
and suggested things to do which will tend to 
stimulate boys and girls to explore further their 
commonplace environment. 

These books will be of special interest to 
teachers of science in elementary schools. 

—F.G.B. 


State Department of Education, Sacramento, Cal- 
ifornia. Suggested Course of Study in Science 
for Elementary Schools. Department of Edu- 
cation. Bulletin No. 13, Part I, July, 1932. 90 
p. 

This is a suggested syllabus in science for the 
first six grades of the elementary school. It was 
developed in connection with a cooperative cur- 
riculum plan undertaken by seventeen northern 
counties of California under the direction and 
guidance of Miss Helen Heffernan, Chief of the 
Division of Elementary Education and Rural 
Schools. The outline was developed through the 
codperation of the Colusa County Board of Edu- 
cation, Miss Perle Sanderson, Superintendent of 
Colusa County Schools, and a committee of 
twenty-seven teachers in the County. Dr. Flor- 
ence Billig, who at the time, was Director of Sci- 
ence in the Sacramento Public Schools, assisted as 
curricular advisor. 

In the preparation of the outlines special atten- 
tion was directed to the problem of curriculum 
and organization peculiar to the small school. 
Suggestions are made for two types of schools, 
those with one, two, or three teachers and those 
with more than three teachers. 

General truths in science appropriate for the 
various grade levels are presented in the outline. 
These truths are directed toward the development 
and undertsanding of large principles in both 
physical and biological science. The materials are 
arranged in such a way that the work in each 
grade utilizes as a foundation the knowledge and 
skills gained in the preceding grades. Because of 
this organization the outlines show unity and give 
a sequence of topics. 
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At the beginning of each unit there is a state- 
ment indicating the content objective to be empha- 
sized. Following this statement a number of ele- 
ments are listed which in their development con- 
tributes to the attainment of the content objective. 
For each unit there is a suggested procedure 
which indicates a number of activities that include 
helpful materials and methods of teaching. At 
the close of the outline is given a valuable bibliog- 
raphy of selected books for both teacher and 
pupil. 

This outline is a constructive piece of work. It 
represents a definite contribution in the field. It 
will be of value to teachers interested in the teach- 
ing of science in elementary schools. 


—C.M.P. 
Turaits, Zor A. and Reever, Epnwin H. Geog- 
raphy in the Elementary Schools. Chicago: 


Rand McNally and Company, 1932. 441 p. 

$2.40. 

All too often there is too wide a gap between 
what is presented in method courses and what 
actually goes on in a classroom teaching situation. 
Much progress has been made in the direction of 
correlating the two within recent years. This 
book is a good exmaple of what may be done. It 
rather effectively solves the problem of synthesiz- 
ing method and subject-matter in geography. 
In the past two schools of thought have been pre- 
dominant as to the relation between method and 
subject-matter. The methods group has en- 
deavored “to train students through special meth- 
ods courses which include little or no subject-mat- 
ter.” This system has not been successful, because 
there is no such thing as method without subject- 
matter. The students lacked sufficient subject to 
apply the theory. The second school has claimed 
that if a student knows the subject he can teach it. 
Unfortunately, this premise is also wrong. Un- 
less a teacher is able to organize the subject-mat- 
ter upon the interests and abilities of the children, 
he fails to accomplish results. 

The materials of this book have been organized 
from two points of view. First, the materials 
have been organized into units to be taught on 
the college level from the adult point of view. 
Sceond, the materials have been considered from 
the child’s point of view and reorganized with his 
interests and abilities in mind. 

Students in method courses and teachers in ser- 
vice will find the book excellent for subject-mat- 
ter, sources, and suggestions for introdycing and 
developing units of materials. Chapter headings 
include: (1) What Is the Modern View of Ge- 
ography? ; (2) Why Teach Children Geography? ; 
(3) What Interesting Materials Are There for the 
First Year of Systematic Geography?; (4) What 
Difficulties are Encountered in the Study of 
Europe; (5) What Are the Various Means of 
Organizing Geographic Material for Instructional 
Purposes?; (6) What Tools and Materials Are 
Essential in Geography Instruction? 


—C.M.P. 
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NATIONAL ASSOCIATION FOR RESEARCH IN SCIENCE TEACHING 
PROGRAM FOR SEVENTH ANNUAL MEETING 


Cleveland, Ohio 





Headquarters: Hotel Cleveland 


EXECUTIVE CoM MITTEE 


Ralph K. Watkins, President 
Archer W. Hurd, Vice-President 


S. Ralph Powers, Se 


Francis D. Curtis 
Harry A. Carpenter 


Sunday Evening, February 25, 1934 
Dinner Meeting—6: 30 Pp. Mm. 
For Members Only 
Hotel Cleveland, Mezzanine Floor 
Dr. Ralph K. Watkins, Presiding 
Report of committee appointed to consider the 
possibility of an enlarged organization or the 
formation of a National Council of Science 
Teachers. Ralph K. Watkins, Chairman. 
Report of committee appointed to consider the ad- 
visability of reducing annual dues. Lois Meier 
Shoemaker, Chairman. 
Discussion 
Contributions of Educational Research to the 
Understanding of the Process of Learning in 
Science. 


Monday, February 26, 1934 
Hotel Cleveland—9: 00 a. mo. 
Dr. Ralph K. Watkins, Presiding 

Report of committee appointed to attempt to de- 
termine the grade placement of material from 
the natural sciences for courses in elementary 
science for the first six grades. W.G. Whit- 
man, Chairman. 

Report of committee appointed to investigate the 
possibilities of measurement of scientific atti- 
tudes as produced by instruction in the natural 
sciences. Francis D. Curtis, Chairman. 

Report of committee appointed to attempt to es- 
tablish criteria for the selection of content for 
courses in natural sciences. A. W. Hurd, Chair- 
man. 

Business Meeting. Report of the Secretary-Trea- 
surer. Election of Officers. 

Testing Scientific Thinking. 

Victor H. Noll, Institute of School Experimen- 
tation, Teachers College, Columbia University. 


58 


cretary-Treasurer 


Some Preliminary Experiments and Observations 
in the Development of Scientific Thinking in 
Science Classes of the 9th and 10th Years. 

George C. Wood, James Monroe High School, 
New York City. 

The selection of High School Science Textbooks. 
Willis J. Bray, State Teachers College, Kirks- 
ville, Missouri. 


Tuesday, February 27, 1934 
Hotel Cleveland—9: 15 a. m. 
Dr. Ralph K. Watkins, Presiding 
Joint Meeting with the 
American Educational Research Association 
Experimentation with Teaching Units in Physics. 
A. W. Hurd, Institute of School Experimenta- 
tion, Teachers College, Columbia University. 

Differential Functions of Examinations. 

Palmer O. Johnson, University of Minnesota, 
Minneapolis, Minnesota. 

The Relationship Between Two Learning Abili- 
ties in General Science. 

Ralph C. Bedell, State Teachers College, Kirks- 
ville, Missouri. 

Some Concepts Resulting from High-School Sci- 
ence Teaching and Some Implications from 
the Standpoint of Psychology. 

Elwood D. Heiss, State Teachers College, East 
Stroudsburg, Pennsylvania. 

Experimentation with Teaching Seventh Grade 
Science by Radio. 

Harry A. Carpenter, Board of Education, 
Rochester, New York. 

Findings from Studies in the Field of College 
Biology. 

Ralph W. Tyler, Ohio State University, Co- 
lumbus, Ohio. 
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PROGRAM OF THE MEETING OF THE NATIONAL COUNCIL OF 
SUPERVISORS OF ELEMENTARY SCIENCE 


Cleveland, Ohio—February 24, 1934 
President, Florence G. Billig, 
College of Education, Colleges of the City of Detroit, Detroit, Michigan 
Vice-President, W. G. Whitman, 
State Teachers College, Salem, Massachusetts 


Secretary-Treasurer, 


W. W. McSpadden, 


Supervisor of Sciences, Austin, Texas 


Morning Session, 9: 30 A. M. 
Hotel Statler—Ballroom 


The Curriculum School as a Method of Building 
a Course of Study in Elementary Science. 
Anna Burgess, Principal, Doan School, Cleve- 
land, Ohio. 

The Science Program in the Elementary School, 
The University of Chicago. Bertha Parker, 
The University of Chicago, Chicago, Illinois. 

The Science Program in the Public Schools of 
Austin, Texas. W. W. McSpadden, Supervisor 
of Sciences, Austin, Texas. 

The Content and Organization of Science Syllabi 
as Judged by Experienced Teachers. Phillip G. 
Johnson, Teachers College, University of Ne- 
braska, Lincoln, Nebraska. 

A Program for the Extension of Work in Science 
Education. S. R. Powers, Teachers College, 
Columbia University, New York. 


REPORT OF THE ASSOCIATION 
MIDDLE STATES 


The thirteenth annual meeting of the Associa- 
tion was held in the Roberts Room, Hotel Chal- 
fonte, Atlantic City, December 2, 1933, with the 
President, Professor W. L. Ejikenberry, in the 
chair. The meeting was called to order at 9:45 
A. M. and proceeded with the published program 
as follows* 


Address—The Future of Science Teaching in a 
Changing World. 
Earl R. Glenn, State Teachers College, 
Montclair, N. J. 
Address—Standards of High-School Laboratory 
Equipment. 
E. E. Wildman, Director of Science 
Education, Philadelphia, Pa. 

Report of Committee for Study of College En- 
trance Examinations in Physics and Chem- 
istry. Summary of suggestions of teachers 
in the Middle States Association for the Sec- 
ondary Course in Physics. 

Joseph M. Jameson, Girard College, Philadel- 
phia, Pa. 

Discussion. 

Subscription luncheon in Blue Room, Hotel Chal- 

fonte. 

Business Meeting. 

Addres:—The Unknown Insect. 

Frank E, Lutz, Curator, Department of 


Luncheon, 12: 00 Noon 
Hotel Statler—Lattice Room 
Guest Speaker, Dr. M. Luckiesh, Director, Light- 
ing Research Laboratory, General Electric 
Company, Nela Park, Cleveland, Ohio. 


Afternoon Session, 2: 00 P. M. 
Hotel Statler—Ballroom 

Importance of Research in the Development of 
Science in Elementary Schools. O. W. Cald- 
well, Institute of School Experimentation, 
Teachers College, Columbia University, New 
York. 

Bird Banding. S. Prentiss Baldwin, The Baldwin 
Bird Research Laboratory, Hillcrest Farms, 
Gates Mills, Ohio. 

Camp Experience a Vital Part of the Equipment 
of a Teacher of Science in Elementary Schools. 
W. G. Vinal, School of Education, Western Re- 
serve University, Cleveland, Ohio. 

Annual Business Meeting of the Council. 


OF SCIENCE TEACHERS OF THE 
AND MARYLAND 


Entomology, American Museum of 
Natural History. 


Mr. Glenn’s paper occupied itself with the fol- 
lowing topics: (A) This changing world in which 
we live; (B) The place of science in educational 
systems; (C) Science teachers and the conditions 
of work in the schools; (D) We need an ap- 
praisal of the losses and gains in science educa- 
tion due to recent social, economic, and govern- 
mental changes; (E) The place of research, class- 
room experimentation, and educational propa- 
ganda in giving every boy and girl a chance to 
study science. Most of the allotted time was 
given to B, C, and D. These provoked a lively 
discussion in which a considerable number of 
members participated. Plans and methods for in- 
creasing effective organizations for recognition 
of the importance and gravity of present day sci- 
ence program were discussed, also the false econ- 
omy of unwise retrenchments in curriculum and 
equipment. The association should set itself 
about to take up by Committee definite problems 
for solution. 

The report of the Committee of which Dr. 
Wildman was chairman was prepared under in- 
structions of the Commission on Secondary 
Schools of the Middle States Association, Dr. 
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Grizzell, chairman. The abstract prepared by 
Dr. Wildman follows this report. 

Dr. Jameson’s report was a summary of a ques- 
tionnaire sent to teachers of physics in fifty-six 
colleges and two hundred eighty schools distrib- 
uted throughout the area represented by the Mid- 
dle States Association. The report, the work of 
several years’ study (since 1930), reviews the ear- 
lier phases, the results of the questionnaire, and 
recommendations for further study and inquiry. 
A number of related topics were brought out in 
the discussion, such as, personnel of committee 
not to be restricted to members of the Association, 
but to embrace the area of the whole association ; 
necessity for representation of Home Economics 
preparation for teaching ; organization of units of 
the course; molecular physics as a second year 
course; conditions in New England Association ; 
simple workshop for home-made apparatus; dif- 
ferentiation of college courses based on differen- 
tiated secondary training in science. 

At the business meeting, the minutes of the 
meeting of 1932 were accepted as printed in Scr- 
ENCE EDUCATION 

Dr. Louise Nichols, chairman of the Nominat- 
ing Committee, presented the following slate: 

President, Professor Winthrop R. Wright, 

Swarthmore College, Swarthmore, Pa. 
Vice-President, Professor S. R. Powers, Co- 
lumbia University, New York, N. Y. 

Secretary-Treasurer, Miss Dena D. Ungemach, 
Overbrook High School, Philadelphia, Pa. 

Members of Council, Professor W. L. Eiken- 
berry, State Teachers College, Trenton, N. 
J.; Dr. Gerald Craig, Columbia University; 
Mr. Leon Terry, Newark Preparatory 
School, Newark, N. J. 

There being no other nominations, the secre- 
tary was instructed to cast the ballot for the elec- 
tion of officers. 

The Treasurer’s report as follows was ac- 
cepted: 


Receipts 
Check received from Miss Towle ... $ 95.40 
Postage stamps ... me 3.00 
Dues received to Nov. 29, 1933 14.00 
Total $112.40 
Disbursements 
To Dr. Jameson’s Committee $ 13.86 
Reprints .. Sole. dita ses nate 3.77 
Postage .. rbilal 5.00 
Total ... ois atari ate ee 
Balance on hand, Dec. 2, 1933 ... 89.77 


On motion duly made and seconded, it was 
voted that the Association should meet the ex- 
penses of publication of Dr. Jameson’s report. 

Following the reply of Dr. McClelland, refer- 
ring the question of Teaching-Load Standards to 
the Commission on Secondary Schools, the Ex- 
ecutive Committee was instructed to keep in touch 
with the main Association on this matter. 


[Vot. 18, No. 1 


After a vigorous discussion about membership 
and functioning organizations, Dr. Wildman 
moved that the matter be referred to the Exec- 
utive Committee. 

Dr. Winifred Robinson moved that the name of 
the Association be shortened by the omission of 
“and Maryland” as was done for the main Asso- 
ciation. As the constitution requires that due 
notice of such amendment be given, the matter 
was referred to the Executive Committee with 
power to act. 

After the reading of the letter from Dr. Otis 
Caldwell concerning the formation of a national 
association of science teachers, Mr. Earl R. Glenn 
was elected delegate to the meeting arranged by 
the Committee on the Place of Science in Educa- 
tion of the A. A. A. S. for December 29, 1933. 

Dr. Lutz charmed his audience and convinced 
them that the world of insects is indeed an un- 
known one. The address provoked a lively dis- 
cussion on the need of dissemination of truthful 
and understandable scientific information not too 
long after its discovery. The meeting adjourned 
at 4:15 P.M. 

Dena D. UNGEMACH 
Secretary-Treasurer. 


SUMMARY OF THE REPORT OF THE 
COMMITTEE ON LABORATORY 
STANDARDS IN SECONDARY 
SCHOOLS* 


The great expansion of secondary education 
during the past two decades and the sudden re- 
duction in income to support our schools demand 
a careful scrutiny of every activity carried on un- 
der their direction at present. Many of the more 
expensive activities have been curtailed, but lab- 
oratory work has fared fairly well thus far. 

Standards. Standards based on scientific and 
objective data in teacher training, courses of 
study, and textbooks are being set up, and it is 
therefore becoming increasingly possible and nec- 
essary to attack the problems. assigned to this com- 
mittee. 

The Survey. The survey made by the committee 
includes every type of secondary school to be 
found in the area covered by the Association. 
Wide variation in equipment for science teaching 
exists, ranging from such installations as one finds 
at the new science hall at the Hill School, Potts- 
town, where the boys have the use of several in- 
dividual laboratories completely fitted up, to 
others in which no special equipment for science 
teaching is to be found. 


RECOMMENDATIONS 
Fixed Equipment. Your committee agree with 
other students of this subject that the laboratory 


* Report prepared for the Commission on Sec- 
ondary Education and read before the Associa- 
tion of Science Teachers of the Middle States and 
Maryland at Atlantic City, December 2, 1933. 
The full report will be published later by the As- 
sociation. 
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students’ table should have a flat top and to be so 
constructed that pupils can work at it either sit- 
ting or standing. 

The most efficient and least expensive equip- 
ment of this type we have found is a table 15’ long, 
22” wide, 30” high used in the junior high schools 
of the city of Philadelphia. The length of this 
table of course will vary with the width of the 
classroom. This table has three pedestals each 
containing a cupboard in which taller apparatus 
can be stored. Above each cupboard is a drawer 
for the storage of smaller pieces of apparatus. 
Stools 18” high are used with this table. The 
committee recommends this type of table as the 
basis for all the various science laboratory tables. 
It has been adopted as standard for smaller high 
schools in Pennsylvania. 

For the chemistry laboratory in the large high 
school two of these tables are built back to back 
with a burnt-in lead-lined trough running down 
the center. This empties into a soap-stone sink 
with bee-hive stopper. Water and gas lines are 
carried beneath the table top. This table stands 
36” high and stools 24” in height are used with it. 

In the biological laboratories of the large high 
school, 30” tables, only 5’ long are recommended, 
since teachers must get close to the work of each 
pupil to supervise study of specimens and draw- 
ings. In these tables no pedestals or drawers are 
recommended. 

In the physics laboratory, the committee recom- 
mends the 15’ double table without lead-lined 
trough in the middle if space must be conserved, 
or a 5’ double table seating 4 pupils with one ped- 
estal containing cupboard and drawer on each 
side. The tables should be equipped with appara- 
tus supports, gas, and electric current outlets. 

A teacher’s demonstration table, 8’ long, 3’ wide, 
and 36” high with the usual facilities for gas, 
water, and electric current, and cupboards and 
drawers for storage should be supplied in every 
science room. 

At least one storage case and display case 
should be supplied in each science room, together 
with facilities for projection of slides and films. 
Blackboard, chart rails, and bulletin boards should 
also be supplied in each science room. In the bio- 
logical laboratories a growing shelf, table, or glass 
house should be supplied, the extent of this equip- 
ment being limited by the money available. 

In the chemistry laboratory there should be a 
fume hood consisting of at least five units, and in 
this laboratory, or the preparation room adjoining 
it, a water still should be supplied along with am- 
ple storage cases, and a wall table supplied with 
water, gas, and electricity. 

In the physics laboratory a motor generator set, 
rectifier cells or storage battery equipment for the 
supply of direct current should be provided. Ap- 
parently the tendency today is to depend upon 
storage cells for the supply of d-c. current instead 
of the more expensive motor-generator installa- 
tion. 

Apparatus and Supplies—Movable Equipment. 
Recent studies made in Massachusetts, Ohio, and 
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the city of Philadelphia are cited covering the 
question of minimum lists of apparatus and sup- 
plies. The report contains such lists for each of 
the science subjects, with suggested allotments 
and approximate unit costs of each item. 

Economy and efficiency in laboratory supervi- 
sion require careful planning of the storage clos- 
ets. The best method of storing chemicals is the 
use of glass containers, each well labelled and 
catalogued and placed in plain view. The commit- 
tee recommends the use of malted milk or candy 
jars for this purpose, having wide mouths and 
cork-lined, metal screw caps. Apparatus also 
should be stored in labelled compartments, draw- 
ers, and cases, preferably where it can be easily 
seen and counted, and great care should be exer- 
cised that such apparatus be put back in good 
condition after use. With increased size of classes 
and reduced teacher assistance, student monitors 
can be used as laboratory assistants and training 
in the care of apparatus is a very useful part of 
education in science. 

Home-made Apparatus. The report cites many 
references to recent literature in which home- 
made apparatus, charts, and other teaching equip- 
ment are described. 

Laboratory Fees. The committee fourd that 
laboratory fees in our private schools vary from 
$20.00 a year to $1.50 a year. 

Enrollment in Science. The committee found 
that enrollment in science in grades 8 and above 
in the public schools of our larger cities varies 
from 45% of the total enrollment in Jersey City 
to 66.6% in Philadelphia. 

Requisitions. There would be a great saving 
in the purchase of apparatus and supplies if the 
needs of the schools could be supplied on the basis 
of competitive bidding. This may not be possible 
in a great majority of our isolated public and 
private schools, but city systems certainly, and 
possibly county organizations of public schools 
could save money iii this way. 

Both requisitions and bidding would be greatly 
facilitated if standard lists prepared by experi- 
enced teachers in each science subject were used. 
At present such standard lists are not used in 
many of our larger cities. The committee would 
recommend the preparation of such lists for 
county and regional areas, including both private 
and public schools, and their use in making up an- 
nual requisitions and competitive bidding for the 
supply of these materials, in at least 75 per cent of 
the school’s needs. 


WituiaM F. Fercuson, 
Roman Catholic High School, Philadelphia, Pa. 
Cuaries A. HARTER, 
The Hill School, Pottstown, Pa. 
Warren W. Knox, Supervisor of Science State 
Department of Education, Albany, N. Y. 
Roperic D. MattrHews, School of Education Uni- 
versity of Pennsylvania, Philadelphia. 
Epwarp E. Wi_pMAN, Director, Science Educa- 
tion, Board of Public Education, Philadelphia, 
Chairman. 
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The following announcement appeared in 

a recent issue of Current Science: 
For THE TEACHER 
A New List of Free Materials 

One of the requests most frequently received 
by the Editor is for lists of free and low cost ma- 
terials that may be secured from manufacturers, 
sales organization, and the like, to be used in 
class to enrich the textbook presentations. Lists 
of this nature involve much correspondence, how- 
ever, and only now and then is a new one pub- 
lished, 

During the past summer a colleague of the 
Editor, Prof. Ullin W. Leavell, Professor of Ele- 
mentary Education at George Peabody College 
for Teachers, with the assistance of members of 
his class, carried out the labors necessary to com- 
pile a new list of this type of material, designed 
particularly to interest students in the Elementary 
and Grammar Grades. 

An examination of the large amount of free 
material which he received shows that high school 
science teachers could use most of it very help- 
fully in their classes, going more deeply, as a 
rule, into the explanations of the objects, illus- 
trated folders, and the like. 

This list prepared by Dr. Leavell is current up to 
this fall, hence most of the firms offering materials 
at that time still have them available. Several 
hundred firms and organizations are represented. 
The list is alphabetically arranged by classes of 
materials. 

One of these lists will be mailed to any teacher 
who will send a 2c stamp to pay for addressing 
and postage. Mail the request to Editor of Cur- 
RENT SCIENCE, George Peabody College for Teach- 
ers, Nashville, Tenn. 





Teachers of science, especially teachers of 
nature study and elementary science, will be 
interested in the following news concerning 
the Cornell Rural School Leaflets: 


The Cornell Rural School Leaflet is available on 
a subscription basis beginning with the September, 
1933, issue. It will be sent postpaid anywhere in 
the United States for fifty cents for the four is- 
sues of the year, or thirty cents for the three chil- 
dren’s numbers. 

For the year 1933-34 the following numbers are 
scheduled: September, Teachers’ number, fea- 
turing humane trapping, marionettes and fresh- 
water shells; November, Children’s number, “The 
Fields in Fall,” being a companion number to 
“The Woods in Winter” and “The Marsh in 
Spring”; January, Children’s number, “Sound,” 
being a companion number to “Light,” and deal- 
ing with biological as well as the psychological 
and physical aspects of the subject; March, Chil- 
dren’s number, “Reproduction,” being a compan- 
ion number to “How Flora and Fauna Care for 
Their Young,” and others. 


[Vot. 18, No. 1 


As in the past, the material is written for use in 
the pre-college years. Experience has shown it to 
be most useful from third to tenth years inclusive. 
It is probable that topics once treated will not 
again be given emphasis in the Leaflet. 

Subscriptions may be sent to The Cornell Rural 
School Leaflet, Cornell University, Ithaca, New 
York. 





The meeting of Science Teachers, arranged by 
the Committee on The Place of Science in Edu- 
cation of the American Association for the Ad- 
vancement of Science, was held at Cambridge, 
Mass., on December 29, 1933. The program, as 
announced in the December issue, was followed. 

The luncheon was attended by approximately 
one hundred persons. In addition to Dr. John C. 
Merriam, the speaker, the eminent guests included 
Arthur H. Compton, J. McKeen Cattell, Harlan 
T. Stetson, Edward L. Thorndike, and Kirtley 
Mather. 

After the last paper of the afternoon session, 
there was an interesting discussion of the proposal 
to organize a National Association of Science 
Teachers. It was decided not to proceed without 
careful consideration and, therefore, it was voted 
to request the Council of the American Associa- 
tion for the Advancement of Science to provide 
a similar program next year. 

A resolution was passed to the effect that a 
committee be selected to advise with the Com- 
mittee on the Place of Science in Education with a 
view to decide upon the nature of the program 
for next year. Harry A. Carpenter was named 
chairman of the newly appointed committee. The 
committee was further authorized to give general 
consideration to the subject of the organization 
of a national organization of science teachers. 





The Elementary Science Section of the Iowa 
State Teachers Association held their Program 
and Exhibit of books in the general science rooms 
of the Administration Building at Drake Univer- 
sity, Des Moines, lowa, November 3, 1933. 

The program consisted of the following: 


Pupil demonstration of Activities of a Sixth 
Grade Unit of Science: “Our Solar System,” 
by Gwendolyn Newquist, Sixth Grade pupil, 
Newton, Iowa. 

Paper: “The Pleasure a Child Obtains from 
Nature Study,” by Miss Kitty Tiedemann, 
Supervisor of Nature Study in the Elemen- 
tary Grades, Burlington, lowa. 

Address: “Some Units of Science for the Ele- 
mentary Grades,” (illustrated with lantern 
slides of pupil activities in studying the units), 
by Miss Lillian Hethershaw, Head of the 
General Science Department, Drake Univer- 
sity. 


Over sixty books for pupils and teachers in the 
following fields were on display: (1) Insects; (2) 
Trees, (3) Wild Flowers, (4) Ships. 
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The officers of the organization were: Presi- 
dent, Miss Romaine Startzer Commack, Newton, 
Iowa; Secretary-Treasurer, Kitty Tiedemann, 
Burlington, Iowa. 





The officers of the Elementary Science Section 
of the Central Association of Science and Mathe- 
matics Teachers for the year, 1934-1935, are as 
follows: 

Bertha M. Parker, Chairman, University of 
Chicago Elementary, School; Chicago, IIli- 
nois. 

Florence Billig, Vice-chairman, Detroit Teach- 
ers College; Detroit, Michigan. 

Lillian Hethershaw, College of Education, 
Drake University ; Des Moines, Iowa. 
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The meeting will be held in Indianapolis, In- 
diana, 





The science department of Woodmere (N. Y.) 
Academy, under the direction of Dr. David E. 
Harrower, is publishing a monthly bulletin, called 
the “Science Calendar.” This is compiled by stu- 
dents and censored by the faculty advisor. The 
sheets are mimeographed. The contents have to 
do with local activities, such as local fresh-water 
diatoms, bird club field trips, record of observa- 
tions, bird migrations, what to look for in the 
month to come. The idea of a science bulletin 
for recording the activities of the students and 
the school is worth passing on to others. 





Science Tests 


POWERS GENERAL SCIENCE TEST 
Forms A and B. $2.00 per 100. Specimen set, one copy of each form and 
directions and scoring sheet, 10 cents. 


A test designed to measure range of information in science for the junior high school 
Grades 7 to 9 and classes in general science for a four-year high school. Also valuable 
as a teaching device. The two forms are parallel. 


OAKES-POWERS GENERAL BLOLOGY TEST 
Forms A and B. $2.00 per 100. Specimen set, one copy of each form and 
directions and scoring sheet, 15 cents. 


This test measures range of information of the facts and principles of biology, including 
the ability to apply them to concrete situations. The forms are parallel. For high school 
grades. 


HURD TEST IN HIGH SCHOOL PHYSICS 

Forms A, B, and C. $2.00 per 100. Specimen set, one copy of each form and 
directions sheet, 10 cents. 

Three purposes are served by this test: to measure achievement of pupils in physics; to 
measure efficiency of instruction; and to determine a student’s probable success in college 
courses in physics and engineering. The three forms are of equal difficulty and are 
highly objective, the items being of the short-answer, incomplete statement, and multiple 
choice types. 


BUREAU OF PUBLICATIONS 
TEACHERS COLLEGE COLUMBIA UNIVERSITY NEW YORK CITY 

















THE CLEARING HOUSE 


Edited by 


Forrest E. Long, Philip W. L. Cox, Arthur D. Whitman, Earl R. Gabler, 
and Forty Nationally Prominent Educators. 


THE CLEARING HOUSE magazine is devoted to the 
problems and practices of junior and senior high schools. 
Liberal and progressive in editorial policy, its plan is to 
bring together monthly discussions on specific phases of 
junior-senior high-school work, with comments by nation- 
ally known authorities. 


Issued Monthly From September to May 


Single Subscription—$3.00 Club Rates on Application 


THE CLEARING HOUSE 


32 WASHINGTON PLACE NEW YORK CITY 























